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ECAUSE it’s faster any application where 
magnetic blow slows up direct-current welding and 
limits the amount of current that can be successfullv 
used. With G-E alternating-current equipment, trouble 
from magnetic blow is avoided—thus permitting heavier 
currents and larger electrodes to be used with the result 


that welding speeds are considerably increased. Here are 


pressure vessels, high-pressure piping, penstocks, refining 


| 
He | some typical examples of a-c applications: thick-walled 


vessels, steam boilers, heavy 


machine frames, and similar 


applications. 


Because it’s better —on many 

heavYegugrent applications. 

Wgitation of the molten pool 


; 


of metal by the alternating 


G-E a-c transformer- 
type arc welder for 
such uses as repair 
maintenance, an 

job-shop work. 
Welding range 50 to 
150 amperes 


G-E a-c transformer-type arc welder— 
sizes 300 to 1000 amperes 


NERAL ELECTRIC 


current refines and improves the quality of the 
metal. This characteristic, plus its avoidance of : 
blow on heavy-current work, results in 


stronger, denser, and more uniform welds thar 


obtained with direct current. 


USE A-C WELDING? 


Cposite 


Perhaps there is a place in your plant where G-E alter. 


nating-current arc-welding equipment can be profitably 


used. Don’t make costly compromises. Consult your | 


G-E arc-welding distributor or G-E sales office. Th 


OCal 


handle the largest variety of arc-welding equipment 


the market, including a-c, d-c, and atomic-hydroge; 


equipment, in all sizes for hand or automatic operatioy 


Their recommendations are unbiased and they 
years of experience in helping users to obtain maximum 


profits from their arc-welding applications. General 


Electric, Schenectady, N. Y. 


Large gooseneck arm, used to connect 


have 


nac 


trailer to truck 


being welded with G-E transformer-type welder 


Schenectady, N. Y. 


Gentlemen: 


Name 
City 


Dept. 6-201, General Electric 


Please tell me if G-E transform: 
could be profitably used on the 
briefly described in the outline | 
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OX WELD SHAPE-CUTTING MACHINES 
Simplify Steel Fabrication 


ieee ION can be simplified and speeded up in shaping steel parts by using ’ 
oxy-acetylene flame cutting. Full advantage of this process can be obtained with 
new and improved stationary and portable Oxweld Shape-Cutting Machines. 

Consider, for example, the stationary Oxweld CM-14. This machine has a traps. 
verse range of 100 inches—twice that of most oxy-acetylene machines. Its unusual 
capacity removes many of the problems encountered in fabricating metal products 
from exceptionally wide sheets. The CM-14 can also be used profitably for the 


Visit the Linde Exhibit 


Booth H52 ordinary run of smaller shop jobs. 
National Metal Show A representative from the nearest Linde office will gladly assist your engineers 
Atlantic City, N. J. in determining the economies that you can effect with flame cutting. He will help 
October 18-22. 1937 you select the portable or stationary Oxweld machine designed for your particular 


type of work. The Linde Air Products Company, Unit of Union Carbide and Carbon 
Corporation, New York and principal cities. 


*Trade-Mark 


You can utilize the full economies 
of flame cutting on metal of very large 
dimensions with the Oxweld CM-14 
Shape-Cutting Machine. 


PRODUCTS OF UNITS OF 


LINDE OXYGEN © PREST-O-LITE ACETYLENE * OXWELD APPARATUS AND SUPPLIES FROM WCC LINDE UMFOW CARBIDE 


UNION CARBIDE AND 
CARBON CORPORATION 
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Arc Welding Field Splices on Large Steel Piling 


Good Practice in Structural Welding 


AREA. Committee Reviews Advantages and Limitations, and Shows Where and How It Can Be Applied in 
Repairing and Strengthening Existing Bridges and Other Types of Steel Work 


ECAUSE of the advance in the knowledge and 
art of welding, particularly are welding, the produc- 
tion of filler metal of a superior grade, and _ the 
levelopment of fluxed electrodes, reliable welds may 

w be secured and definite results obtained by qualified 
welders working under careful procedure control. Gas 
welding has the advantage of requiring lighter, less ex- 
ensive and more easily transported equipment than 
the are process. It has the disadvantages of slower 
eration and of requiring the heating of a larger amount 
(the base metal. It should not be used for welding 
parts while under stress as there may be danger of per- 
manent distortion. Are welding should be used for 
work of considerable magnitude. It is usually done 
W on direct current, but the use of alternating current is 
‘creasing because of its greater availability. 

(he new specifications of the AMERICAN WELDING So- 
eTY limit the welding of structural steel to base metal 
e~ Pe maximum carbon content of 0.25 per cent. Steel 

i higher carbon content and various alloy steels may 
‘Ided, but the technique and the filler metal for some 
i them still are in the experimental stage. Cast steel, 
- iron and wrought iron may be welded, a slightly 
erent filler metal and method of operation being re- 
iu wae foreach. The strength of a wrought iron plate 

lot be developed readily by a fillet weld because of 
ibrous nature of the iron. 


A 
port Mere by Railway Engineering & Maintenance, July 1937. A re- 


fore the 0 as information by the Committee on Iron and Steel Structures 
_ ch 17 eo of the American Railway Engineering Association on 


e we 


Filler metal may be of various compositions, the basis 
for acceptance being its physical properties and the prop- 
erties of the resulting welds. At the present time there 
does not seem to be any reason for a specification for 
chemical composition, but for information and future 
use a record should be made of all the kinds of rods used, 
together with the location of their welds in the structure 

Filler metal is supplied in the form of wire rod, bare, 
washed or covered with various organic and mineral 
compositions. The object of the covering is twofold 

) Shrouding the are excludes air from the molten metal, 
and (2) a coating of slag is deposited on top of the bead 
The first is of benefit in producing a denser and cleaner 
deposit; the second in prolonging the time of cooling, 
thus having a slight annealing effect. The washed rod 
deposits a slag but does not shroud the are. Another 
effect of shrouding is to prevent dissipation of heat,thereby 
increasing the rate of deposition of the metal. Welds 
made with covered rods are stronger and more ductile 
than those made with bare rods but the danger of under 
cutting is greater. 

Welds are of two types, butt welds and fillet welds 
Butt welds resist deformation by direct tension or com 
pression. Fillet welds resist deformation by shear. A 
fillet weld transverse to the line of stress resists partly by 
shear and partly by tension and therefore is stronger 
than an equal area of longitudinal fillet weld. The re- 
lation between resistance to shear and to tension is the 
same for filler metal as for base metal; hence a butt weld 
is stronger than an equal area of fillet weld. Tests show 
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that the ordinary ratio of tension to shear in metals ap- 
plies also to welds. 


Stresses 


Welding as applied to steel structures is a compara- 
tively new development, but enough tests have been 
made to establish the strength of welds under static 
loads. While studies of the effect of impact and of re- 
peated and reversed loads have been made, more tests 
and studies are needed. The specifications of the AMERI- 
CAN WELDING Society determine the working units for 
welds by formulas developed from the results of en- 
durance tests. 

Due to the nature of the process of welding, small 
areas of base metal are heated to the fusion point and 
adjacent areas to a lower temperature. This heating 
causes expansion and the subsequent cooling causes 
shrinkage of the base and filler metals. The stresses re- 
sulting are sometimes of considerable magnitude. The 
effect of these locked-up stresses on the load-carrying 
capacity of the welded member has been investigated to 
some extent and some tests of full-size columns showed 
that the load-carrying capacity was not reduced. Much 
additional investigation in this field is needed. 

Locked-up stresses can be reduced by certain stress- 
relieving procedures. Heat treatment is used in shop 
practice for some types of structures, but is generally 
not feasible for field welding. Peening the weld will re- 
lieve the stress in the weld to some extent but does not 
relieve the stress in the member. Locked-up stresses 
may be avoided to some extent if the parts are free to 
move during the process of welding. In this case the 
parts or the member as a whole may be distorted as a re- 
sult of expansion and contraction. Distortion may be 
minimized by employing a sequence of welding proce- 
dure that will equalize the distribution of heat and also 
permit the parts to cool before the further application of 
heat. 

Abrupt changes of section are points of concentrated 
stress. Change from one section to another should be 
gradual. ‘The end of a weld should be tapered off, either 
by filling the crater or by planing. 

Any economy of welding over riveting usually results 
from the saving of material. Where the cost of material 
is high and that of labor low, the welded structure may 
be the cheaper. This applies particularly to new con- 
struction. In the repair or reinforcement of existing 
structures the case is somewhat different. The saving 


of material is important, but the advantage of working 
without interfering with traffic or taking the structure 
out of service, or even without removing parts, may over- 
balance any increased cost of material. 

Joints should be designed especially for welding. 
Parts may be directly connected without connecting 
flanges and splice plates. 


The omission of rivet holes 


Let—Welding a Floor 
Grid to the Top Flanges 
of Floor Stringers 


effects a saving of section. There may be 


Situations 
where the use of gusset plates and connecting angles will 
serve to reduce the concentration of stress, 

Qualification and Tests 
The specifications of the AMERICAN WELDING Soci; 


prescribe tests for welders to be made both before 
during the progress of the work. 


and 
Phese tests are for 


Above—Repairing Cor- 
roded Stiffening and Be- 
low—the Result 


the purpose of demonstrating the ability of the welder ' 
make acceptable welds and to check any tendency to 
ward carelessness as the work proceeds. 

Tests of materials also are prescribed to show th 
weldability of the base metal and the suitability of th 


filler material. These tests should be made and the re 
ords kept for all work of magnitude or importance: 


Inspection 


Various methods of inspection have been develop 
but the method most generally applied is visual insp 
tion. Visual inspection requires men trained to kno 
the qualities of welds and who are generally capab! 
themselves of making good welds. It is importa! 
there should be enough trained inspectors to « 
job and to keep the work of all the welders under pre 
tically continual observation. 

There are a number of all-welded railway a: 
way bridges now in service in the United States, 11 
ing railway bascule and highway swing bridges, but ! 
embrace spans of moderate length. In buildin. wi" 
welding has been used more extensively. How 
far the greatest use of welding as applied to 
bridges and structures, both in the United 5t 
abroad, is for repairs and strengthening. Repa : 
usually involves some strengthening; the structure ™s 
be merely restored to its original stréngth, but 1t use 
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that some material will be added so that the 
inad-carrving capacity of the structure is increased. 
Some of the items of repair and strengthening may be 
noted | riefly : 

Cracks in flange angles are repaired by veeing and 
yutt-welding. A short, triangular plate should be added 
at each end of the crack to prevent its extension. 

\ corroded stiffener angle may have its bearing area 
vestored or increased by welding a plate to the outstand- 

- Jeg or by flame-cutting away a portion of the corroded 
leg and butt-welding a plate in place of the removed 
portio! New stiffeners may be added. There may be 
Jats instead of angles and need not be milled to fit the 
Janges. Bearing is best secured by welding a short 
olate across the outside edge of the stiffener and to 
the flange. A good stiffener is a ““T”’ with the stem 
{ the °T”’ fillet-welded to the web. If bearing is not 
required, the stiffener should be cut short. 

Corroded lacing bars may be flame-cut from the mem- 
her and new bars welded in place without removing the 
rivets 

New sole plates may replace old ones, and are attached 
by welding them to the edges of the flanges. The use 
{ countersunk rivets will thereby be avoided. Water 
may be excluded from open holes by welding in a rivet 
punching. Holes should not be filled with weld metal be- 
cause this will produce points of large stress concentra- 
non 

A broken or cut-back corroded anchor bolt may have 
a piece of rod welded to the end and a nut welded on the 
rod. 


Reinforcing Cover Plates 
Cover plates may be added to girder flanges to in- 
crease the section modulus of the girder. If there is no 
traffic interference, cover plates on the top flange should 
be successively narrower and those on the bottom flange 
successively wider to permit downhand welding. If 
trafhe is to be maintained, it is usually cheaper to make 
the top cover plates of a deck girder wider and weld over- 
head. If the flange is wide it may be necessary to place 
slot welds between the fillet welds. If there are rivets 
n the flange, holes large enough to receive the rivet 
heads should be punched in the plate. If the plate re- 
quires an intermediate weld a fillet weld may be run 
around the perimeter of the hole and the balance of the 
he ile containing the rivet head filled with plastic cement 
il it Is so situated as to hold water. The abrupt change 
1 section at the end of a plate is a point of concen- 
‘rated stress, but this may be lessened by tapering the 
plate and ending it with a curve. Plates should be 
clamped tightly to the flange while the weld is being 
made and both edges should be welded simultaneously 
short stretches. 
Flange rivets, splice plate rivets and beam connection 
‘vets may be reinforced by fillet welds along the edges of 
the plate or angle. Beam connections may be reinforced 
adding shelf angles or brackets if clearance allows. 
_ Girder webs may be reinforced by butt-welding plates 
vetween the flanges and fillet-welding them to the web. 
»pecial care is required in planning a sequence of welding 
that ‘ minimize distortion. Slot welds may be re 
fuires 
Protection of floor members against brine corrosion 
yy be secured by tack-welding thin sheets over the tops 
| Hanges and to the webs of floor beams. 


Other Details 
“as-corroded overhead bracing may be repaired by 
cutting out the corroded parts and welding new sections 
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in place. Corroded laterals and lateral plates may be 
replaced without cutting out flange rivets. Chord and 
web members may be reinforced by adding web plates 
or cover plates. Pairs of tension members may be made 
to resist compression by welding diaphragms between 
them or by connecting them by battens or lacing bars 

Worn pins may be wedged and welded. The bearing 
area may be increased by welding additional pin plates 
tothe member. Loose eyebars may be cut and shortened 
In this way two bars of a pair may be made to take 
equal stress. Elaborate methods for handling such 
problems have been developed by welding specialists 

Corroded rivet heads may be built up by welding, 
thereby avoiding the removal and redriving of the rivets. 
It should be recognized that this is not a means of re 
inforcing the rivet but only of preventing further re 
duction by corrosion. The clamping effect of a driven 
rivet cannot be restored by welding on a new head 

Building up imperfect castings and filling cavities in 
castings by welding is now an accepted practice. Broken 
machine parts may be repaired without dismantling the 
machine if the break is accessible. Worn and broken 
gear teeth may be restored. Broken gear teeth in the 
operating girder of a bascule bridge have been so repaired 
without interfering with the operation of the bridge 
Where a large section of a tooth is broken out studs may 
be inserted, the weld metal built up around the studs 
and the tooth finished to exact section by grinding 

The welding of castings usually causes embrittlement. 
For that reason castings, if of considerable size and sub 
ject to stress, should be annealed after welding. 

Advantages and Disadvantages 

The foregoing examples give an idea of the great 
variety of repair and reinforcement work that may be 
accomplished by the application of fusion welding. In 
most cases not only is the actual cost less than for riveted 
work but the non-interference with traffic makes for 
convenience and economy. The time required usually is 
less, and in many cases riveted repairs would involve the 
removal of the member from the structure and its sub 
sequent replacement, while welding avoids this 

Welding is desirable in residential and business dis- 
tricts, where the noise of riveting is objectionable. 

In most cases it is not necessary to provide temporary 
supports for the track or structure, or to relieve the 
member of dead-load stress. Loading tests have shown 
by strain gage measurements that the added material 
takes its proportionate share of the live load. Below 
the yield point, strain is proportional to stress; therefore 
both old and new metal are equally stressed by the live 
load. However, there are situations where it may be 
advisable to relieve the member from stress while mak 
ing the weld. Tests on small specimens have shown that 
under heavy direct tension or compression a large weld, 
particularly if at right angles to the line of stress, may 
weaken the member so that it will fail by stretching or 
buckling while hot. Fillet welds transverse to the line 
of stress may decrease the fatigue resistance. 

At the temperature of fusion the metal is molten. 
The saving characteristic of electric arc fusion is that 
the area affected at one time is small and the effect con 
tinues for only a few seconds. Gas welding does not 
have these favorable characteristics and hence should not 
be used for welding members under stress. 

Another feature that should be kept in mind is the 
difference in the ways riveted joints and welded joints 


act. A riveted joint functions partly by friction and 
slips slightly before the rivets come into full bearing. 
In a welded joint no such slipping can take place. The 
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welded joint is stiffer than the riveted joint and is, there- 
fore, ‘more affected by secondary stresses. Where a 
joint is partly riveted and partly welded this difference 
in manner of functioning should be taken into considera- 
tion. The specifications of the AMERICAN WELDING 
SOCIETY assume that all of the dead load is carried by 
the rivets and all of the live load by the weld. More 
experimental work is necessary to verify this. 


Conclusion 
It is apparent that the practice of welding is in advance 
of theory and somewhat ahead of exact knowledge. 
Welding offers a large field for research and experimental 
work, and a great deal is being done in all parts of the 
world. So much knowledge is now available that there 
need be no hesitation in applying welding in repairs and 
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reinforcement. All-welded work should be adopted only 
after a thorough study, both technical and economic 

Consistent specifications should be adopted and rigidly 
enforced. Qualified” operators experience in- 
spectors should be employed. It is particularly neces. 
sary that the work be designed and the sequence of weld- 
ing operations be outlined by a competent engineer who 
is experienced in fabricating welded steel structures, 

The Specifications for Design, Construction and Re. 
pair of Highway and Railway Bridges by Fusion Weld. 
ing of the AMERICAN WELDING Society for 1936, cover 
in detail the materials, equipment, processes, workman. 
ship and inspection of gas and are welding as applied to 
bridgework, new or old. These specifications may be 
obtained from the AMERICAN WELDING Society, 33 
West 39th Street, New York City. 


The New Lincoln Tunnel 


By MARTIN P. KORN* 


HE opening of the Holland Tunnel under the 

Hudson some years back was an event of national 

consequence. To engineers the world over it 
marked a singular achievement. To the folks around 
the country it spelled a new form of joy ride. Cars 
came from every state looking for that new wonder hole 
under the river. They found it, they got into line, down 
into the tubes they plunged! 

And so it came to pass that all kinds of folk went to get 
thrilled and test their nerves, even welders. But when 
they went it was not as welders with helmets and goggles 
and all that—-no, it was just as plain citizens in mufti, 
ordinary sightseers like John Smith and Mary Jane. 
For they had nothing to do with the building of that 
world’s wonder in which structural strength was para- 
mount. Welding was not used for strength, though it 
was probably good enough for repairing auto fenders and 
rat traps. That is the way the world was some ten years 
back, when welders knew their place and ate peanuts. 

However, the earth does move and the times do change, 
and when the earth moves forward it is for better changes, 
and wherever there are better changes it is welding that 
makes them--you can ask any welder. Skyward with 
airplanes, upward with buildings and bridges, on earth 
in everything metallic that is industrial or utilitarian, 
downward with pipe lines, and now away down into the 
farthest depths underground the welders are at it with 
Gargantuan strength welding on tunnels destined to 
hold up the earth. And they were eating peanuts only 
ten years ago! 

Under the Hudson River at 39th Street, New York, 
the new Lincoln Tunnel consisting of two vehicular 
tubes is now being constructed. Each tube has an out- 
side diameter of 32 feet 10 inches in the rock tunnel 
sections and $1 feet in the shield driven tunnel. The 
outside lining is made up mostly of cast-iron segments 
and some cast-steel segments held together by several 
thousand tons of bolts of high tensile steel. Two designs 
were prepared for the rock tunnel sections on both the 
New York and the New Jersey sides, one design employ- 
ing the standard cast-iron segment and an alternate 


* Consulting Engineer, Buffalo, N. Y. 


design of built-up structural shapes shop welded into seg- 
ments and field welded at all joints in addition to perma- 
nent field bolts. This alternate design was found more 
economical and it was finally adopted for all the land 
tunnel sections. Between portals the tunnel is about 
8500 feet long. Welding is being employed in a length 
of about 1240 feet. 

Shown here are typical details of these new shop 
welded built-up segments. They are 60 inches wide. 
The cast-iron and cast-steel segments are 30 inches wide 
A complete welded tunnel ring is made up of 11 built-up 
segments and a built-up key. The cast-iron and steel 
rings require 14 standard segments and a key. Right 
here one sees advantages resulting from a material reduc- 
tion in the number of field splices and the number oi 
pieces to be handled. 

All welding is done by the shielded are method. Shop 
welds are */s inch. There is a continuous field weld on 
all circumferential and segmental joints. Continuity in 
the circumferential ribs is obtained by the use of | inch \ 
butt welds. The shapes used for the structural steel 
segments are of standard carbon steel. Note the minute 
tolerances allowed in those segments. That is what the 
engineers wanted and that is what they are getting. 
Plainly it is proof of how exact welded structural stee! 
units can be fabricated today. 

Look at the sketches, jot down savings im costs, note 
fewer pieces to be handled, fewer field splices and joints 
a water-tight job, and you will know the whole story 0! 
why welded segments of structural shapes were selecte¢ 
in preference to the usual cast-iron segments for the rock 
tunnel sections. Add a footnote that those advantages 
resulted despite the continued use of carloads ot perma 
nent bolts! Then think what that augurs for the future 
of welding. 

The Lincoln Tunnel was designed by the Port 0! New 
York Authority and its construction is being done unde! 
their direction, O. H. Ammann, Chief Engineer, Ralph 
Smillie, Engineer of Design, R. F. Schaefer, Asst. Pug! 
of Design. : 

The south tube having been started first will be opene¢ 
for pleasure early in 1938. 
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gs. 1—Ammonia Sections of Ice Cream Mix Cooler in a Large Dairy Plant. The 22 Tubes at the Bottom Are Electrunite Enduro Stainless Stee! Tubing, a Product of 
gfe) & Tubes, Inc., Cleveland, Ohio. This Particular Shape Is Known as Drip-Lip or Keyway Tubing and |s Produced by a Patented Electric Resistance Welding Process 
The Return Bends Are Flash- Welded 


The Welding of Stainless Steel 


By V. W. WHITMER* 


URING the last decade rapid strides have been well under heat. For these reasons they are being usec 


made by the steel industry in the perfection of new more and more in the chemical, oil, dairy, food, pape! 
alloys for the benefit of those industries demanding and other industries requiring material with unusual 
materials to withstand excessive heat and corrosion. corrosion and heat-resistance. They are supplied 
These requirements have been met generally with the plates, sheets, bars, strip, tubing, bolts, nuts, rivets, wi 
chromium and the chromium-nickel stainless steels. etc., and can be rolled, drawn, formed or worked 1! 
The degree of resistance to heat and corrosion is de- almost any desired shape or apparatus merely by ‘ol! 


pendent upon the amount of alloying elements present. ing the proper procedure for the individual produ 
The simplest of these alloys contains about 12% chro- _ hand. 


mium. Various others contain this element in increas- In recent years welding has extensively replaced 0 


ing amounts but the majority consist of iron alloyed forms of joining and its use is increasing steadily 


with about 18°, chromium and S°; or more of nickel, type of construction is readily adapted to the stam! 


this last type falling in what is commonly called the _ steels, especially those containing S°¢ nickel 01 
austenitic class. As far as welding is concerned, practically the ©! 


t 


rhese stainless steels are highly resistant to acids such _ stainless steel field can be divided into two genera! class 


as nitric and to many others except sulphuric and hydro- those containing only chromium as the alloying e!«! 


chloric. They are also resistant to oxidation and scaling regardless of the amount; and the austenitic type, \" 


metit 


at high temperatures and retain their physical properties those alloys containing both chromium and micke! 


varying proportions. 


* Welding Engineer, Republic Steel Corp The first class, ordinarily known as the s('is 
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WELDING OF STAINLESS STEEL 
1i8-8S 
A 
Fig, 2—Sections of 18-8 and 18-8-S as Welded and Subjected to Mixed Acid. Fig. 3—Seme as Fig. 2, but Quenched from 1950° F. in Water After Welding. Note 
Note Heavy Conosion Parallel to Weld on 18-8 (Left) and Freedom from Attack on Freedom from Attack in Both Sheets 
18-8-S (Right) 
chromium stainless steels, especially those containing chromium-nickel weld will bend back flat on itself with 
\S°,, or more chromium, when heated to a high tem-_ no sign of fracture. 
perature are subject to a rapid grain growth and do not These alloys, possessing properties as described above, 
respond satisfactorily to heat treatment. can be satisfactorily welded as far as porosity or sound 
They can be softened to a certain extent provided ness is concerned by any commercial method in use to 
pr per control is followed in welding by annealing for day except forge or fire welding. On heating these al 
eight hours or so at about 1450° F. This may or may loys for fire welding, scale is formed on the surface Chis 
not be very satisfactory as much depends on the actual scale, being insoluble, will not fuse properly with the 
welding. As a rule numerous small beads will give the commercial fluxes available at present. Hence, when 
best results when followed by annealing. pressure is applied, the two sections which are plastic 
Such alloys when welded possess very little ductility but not molten at the ordinary welding heat are separated 
and therefore are not recommended where the product is _ by this refractory scale or film which prohibits any adhe 
subject to movement or shock at room temperature, as sion between the two. 
the welds are likely to crack on deformation or bending. A list showing the approximate alloy content of a few 
However, if a little heat is applied or the operating tem- of the Enduro Stainless Steels is shown in Table I. 
perature is about 200° F. or more, the welds will be much The physical properties and welding characterstics 
tougher and at 400 or 500° F. some bending will occur of Enduro AA are fairly representative of all the alloys 
before breaking. Considerable thought should there- in the straight chromium group. Similarly, Enduro 
lore be exercised before welding the straight chromium 18-8 is representative of the chromium-nickel types 
products. Therefore, after a study of the welding properties of 
The second class, or the chromium-nickel group, is these two types, we can apply the same procedure with 
most highly recommended for welding. These metals, only minor changes, if any, to other alloys in these re 
being of an austenitic nature, are extremely tough and spective groups. 
ductile in the as-welded condition. Where a straight The 18-8 has a high thermal expansion of about 
chromium weld will probably snap as soon as bent, a 60°) more than that of common steel, a low heat con 
Table | 
Name Carbon Chromium Nickel 
Enduro S-1 0.12 Max. 12.0-14.0% 
Enduro S 0.12 Max. 14.0-16.0% 
Enduro AA 0.12 Max 16.0-18.0Q% 
Enduro HC 0.35 Max. 23 .0-30.0% 
Enduro 18-8 Over 0.08 to 0.20 Max 17.0-19.0% 7.0- 9.0% 
Enduro 18-8-S 0.08 Max 17.0-19.0% 7.0- 9.0% 
ssed a 18-8 B Over 0.08 to 0.20 Max 17.0-19 O% 7.0-9 O% 2.0-4.0% Silicon 
ape 0.08 Max 17.0-19 O% 7.0- 9 4 times C. Titanium 
luro | S-Mo 0.08 Max 17 .0-19.0% /.0-11.0% 2.0-4.0% Molybdenum 
sua Enduro I8-8-S-Cb 0.08 Max 17 .0-19_09% 7.0-12.0% 0.40% Min. Columbium 
1 Enduro HCN 0.20 Max 23 .0-26 .0% 11.0-14.0% 
wire Enduro NC3 0.25 Max. 24. 0-26.09 19.0-21.0% 
7 { rage physical properties of Enduro AA and Enduro 18-8 are as follows 
it Enduro Enduro AA 
(Annealed) (Annealed) 
" rength 85,000 Ib.-sq. in. 79,000 Ib.-sq. im 
Une _ imiit 10,000 Ib.-sq. in 50,000 Ib.-sq. in 
[his “Hiongation in 2 inches 60.0% 25.0% 
les 7 in Area 65.0% 60.0% 
Ha Brinell 140 160 
re = u Conductivity 40% that of mild steel HOO that of mild 
sses ’ Coefficient of Expansion Enduro 18-8 Enduro AA 
rent, ¢ 16 & 10 96 10 
e. of 17 10~ 10.1 
el it 18 10.9 X 10 
Melting point 11.2 10 


2560° F 2650-2700° F 
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Fig. 4—Microsection Through Corroded Area of 18-8 as Welded in Fig. 2. Note 
Carbides in Grain Boundaries— * 1000 


Fig. 5—Microsection Through Corresponding Area of 18-8-S in Fig. 2. Note Ab- 
| sence of Carbides (Sharp Narrow Grain Boundaries)}— * 1000 
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Fig. 6—Microsection Through Corresponding Area of 18-8 After Heat Treating as in 
Fig. 3. Note Absence of Carbides— x 1000 
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Fig. 7—Microsection Through Main Body of 18-8 Sheet in m3. Note Absence of 
Carbides in Original Stock Similar to 18-8-S After Welding 
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ductivity of about '/; to '/: that of common steel, and g 
lower melting point, in addition to being very fluid jn 
the molten state. These same characteristics apply to 
the straight chromium type, except that the coefficient 
of expansion is about 10% less than that of common stee] 
These factors should be taken into consideration jn the 
design of any welded equipment in order to prevent dif. 
ficulties which might arise from undue strains, warp: 
etc. 

While alloys of the chromium-nickel group make by 
far the most satisfactory welds from the standpoint of 
physical tests, they do under certain conditions exhibit 
a tendency toward “weld decay.’’ When an 18-S stain. 
less steel with more than 0.08°% carbon is heated be- 
tween 1000 and 1500° F., the excess carbon is pre- 
cipitated or segregated out of solution and deposited 
along the grain boundaries in the form of carbides. 
These carbides are less resistant to corrosion than is the 
parent metal, with the result that wherever they are 
present more rapid attack will occur when exposed to 
corrosive conditions. In making a weld, the metal de- 
posited and the joint itself are heated to the melting or 
fusing temperature, which is around 2690° F, the 
body of the work remains cold. Hence, there will be a 
zone parallel to and near the weld which will be heated 
between 1000 and 1500° F. and in which area carbides 
will be precipitated. This region may be wide or narrow, 
near or some distance from the weld, depending upon the 
type of joint and method of welding, which determines, 
of course, the total amount of heat applied. If welding 
is rapid, the zone will be narrow and close to the weld; 
if slow, it will be wide and further away. 

This carbide can be put into solution again by heating 
to a temperature about 1900° F. or higher and cooling 
Air cooling will be suf 
ficiently rapid if the section is thin, '/j.-inch or less, but a 
water quench is advised if the apparatus is heavy. 

If the material contains less than 0.08% carbon, such 
as Enduro 18-8-S, this carbide separation will be practi- 
cally negligible, simply because there is not much carbon 
present and the small amount available remains in solid 
solution in the alloy itself. This carbide precipitation 
will not seriously affect the physical properties until it 
becomes quite extensive but it will reduce the corrosion 
resistance considerably if present even in small quantities. 
For this reason only 18-8-S is recommended for welded 
equipment which is to be subjected to highly corrosive 
attack and which cannot be conditioned after welding. 
It is also recommended for equipment operating at 
elevated temperatures, such as 1000° F. or higher. 

While reducing the carbon content to below 0.07"; 
will practically eliminate precipitation of carbides during 
the short time of welding, it will not necessarily stop 
such condition in equipment operating continuously 
between 1000 to 1500° F.) Additions of such alloys as 
columbium, titanium, molybdenum, etc., to the low car- 
bon product will still further reduce this tendency. 
Where heating alone is the factor, columbium or titanium 
is satisfactory. If corrosion-resistance is of most m- 
portance, then molybdenum is to be preferred. 

This intergranular corrosion is characteristic oi the 
chromium-nickel alloys of higher content as well as 


Age, 


Fig. 8—Specimen of 25 Chromium—12 Nickel Welded to 18-8-S and Subjected t¢ 
Mixed Acid. Note Same Corrosion on Higher Chromium and Nickel Alloy es 0” 
High Chromium and —— Is ineffective in Eliminating 
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Fig. 9—Spiral Flange of Enduro Stainless Steel Arc Welded to Enduro Stainless Steel Tubing. Welds Are Ground and Polished. This Section Is Used as a Food 
Conveyor Worm 


those containing only 18-8, provided the carbon is over 
0.080%. This is shown very plainly in Fig. 8. An 18-8 
low carbon is welded to a 25% chromium—12°% nickel 
product containing higher carbon. Note the corrosion 
on the high alloy along the weld similar to that found in 
18-8 with higher carbon. 

Figure 2 shows a piece of 1S-S and 18-8-S welded to- 
gether and subjected to acid attack in the as-welded con- 
dition. Figure 3 shows a similar sample exposed to the 
same acid but quenched from 1950° F. in water after 
welding. These illustrations show clearly the effect of 
high and low carbon on welding and the necessity of an- 
nealing when the carbon is high, if the equipment is to be 
subjected to highly corrosive conditions. 

The photomicrographs shown in Figures 4, 5, 6 and 7 
illustrate clearly the effect of high and low carbon and 
annealing on 18-8 material after welding. 

While corrosion as indicated above will occur under 
highly corrosive conditions such as would be produced 
by an acid attack commonly found in the chemical in- 
dustries, it should not be assumed that low carbons are 
essential for all welded equipment. Large quantities 
are consumed along other lines such as food handling 
apparatus, dairy equipment, architectural trim, heat- 
resisting units, etc., where the medium carbon contents 
have proved entirely satisfactory. Hence, unless the 
corrosion is unusually severe the regular 18-8 type will 
be found satisfactory. 


Electric Arc Welding 


Electric are welding has been found to produce highly 
satisfactory results on stainless steels. Reverse polarity 
should be employed the same as when welding the non- 
ferrous metals, such as bronze, aluminum, copper, etc. 
That is, the wire or welding electrode is connected to the 
positive terminal of the generator, and the work to the 
negative. This is directly opposite the practice used 
with common steel bare wire, but quite similar to the 
practice followed with heavy flux coated rods of the 
shielded electrode type. While this will generally give 
best results, it cannot be made a hard and fast rule. 


Some instances have been found, especially when heavy 


plates were involved, where straight polarity produced 
better fusion and penetration. However, for light plates 
up to */\. inch or so, reverse polarity is always advised. 

Searfing the edges is not necessary on anything up to 


'/s inch in thickness. For */,. inch, if only one bead is 
to be laid from one side, it is advisable to scarf the edges 
on a 45 degree angle to within '/), inch—*/3e inch of the 


bottom. With '/; inch or heavier, it is best to use two 
or more beads, scarfing from either one or both sides 
and leaving about » inch unbeveled at either the bot 
tom or center, as the case may be. 

The 18-8 has a high coefficient of expansion, about 
60°% greater than mild steel. In setting up any job this 
must be taken into aceount and allowance made. If 
automatic welding is used, such as the carbon arc, the 
edges will be clamped parallel the same as with ordinary 
steel, extra allowance being made only when movement is 
calculated. If a ring is to be welded to a flat circular 
sheet and a corner weld used, the sheet will bulge at the 
center due to contraction around the outside on cooling. 
For this reason it is more important than with steel to 


Fig. 10—Tensile and Bend Tests on 18-8 with High Carbon (1.86%). Note Brittleness in Weld 
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Fig. 11—Tensile and Bend Tests on 18-8 with Low Carbon (0.07% max.). 


turn a one- or two-inch flange around the sheet and then 
butt weld the ring or shell to it, which permits the weld 
to move slightly without producing a buckle. For the 
same reason, it is advisable to have proper fixtures for 
holding the work in place while welding to prevent lo- 
calized strains pulling at the joints and drawing them 
out of line. This is almost sure to happen if an attempt 
is made to weld a curved seam without some such sup- 
port. 

In the fabrication of general tank work in which light 
plates are employed, two general methods have been 
found quite satisfactory. In one case the plates are 
clamped in a jig. This consists of a heavy base with a 
copper chill bar, a narrow shallow groove running length- 
wise along the center of one surface. Pressure is ap- 
plied by two long bars beveled at an angle of about 45 
degrees along the edges facing each other making an 
opening of 90 degrees. The bars themselves are about 
| inch apart at the bottom and are so set that the groove 
in the chill plate will be in the center. The sheets to be 
welded are then clamped in this fixture with the polished 
side down, in the case of polished sheets, and the edges 
held slightly apart and placed over the groove. The 
clamps are then applied from the top holding the 
two edges in place while a weld is made from the un- 
polished or back side. The groove in this case acts as a 
mold holding the metal in shape to facilitate grinding in 
some cases, or merely to give proper reinforcing. This 
jig will be found satisfactory for flat straight seams. 
For circular or curved joints the same principle modified 
‘an be used, if economy as controlled by quantity pro- 
duction so warrants. 

The second method used quite extensively, especially 
where a variety of shapes and sizes of products is made 
but not in sufficient quantity to warrant special fixtures, 
consists in fitting up the job for butt-welded seams and 
tack welding about every 2 inches on the back side. If 
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Note Ductility in Tensile Tests and of the Weld Metal in the Bent Sections. 
a */sInch 


Bend Test 
ate 


Fig. 12—18-8 Electric Arc Welds Made with Improperly Coated Welding Electrodes 
Note Porosity in Deposited Metal Due to Insufficient Protection from the Air 


any warping should occur, the joint can be straightened 
A light weld penetrating about half-way through the 
sheet is then laid on the inside. A reinforcing bead is 
deposited on the outside, completing the weld. Ii 
grinding or polishing is required, the bead should be 
rough ground with either a bakelite or rubber bond whee! 
running about ten thousand feet per minute. When 
nearly flush with the sheet, cotton wheels set up with 
various sizes of glue and abrasive should be employed 

The 18-8 also possesses a lower heat conductivity 
than steel. This tends to keep the heat of the arc lo 
calized at the point of contact rather than allowing it to 
travel rapidly back into the plate. Due to this fact, 
together with its lower melting point, less heat is re 
quired for the same size plate and wire than is ordinarily 
employed. In other words, if 110-120 amperes were 
used with a '/s-inch steel wire, we would need only about 
90-100 on 18-8. Stainless will penetrate much better 
than steel because it is very fluid when molten, whik 
ordinary steel tends to be more viscous and sluggish 

As previously mentioned, the alloys in Stainless steel 
are chiefly chromium and nickel, the balance being 110! 
These products are highly resistant to heat, that is, the) 
will not scale appreciably at high temperatures as long 
as they remain in the solid form, but will bur as soon 
as molten if exposed to the air. The iron and nickel 
will remain practically unaffected but the chromium will 
oxidize rapidly. Hence, in welding it is necessary © 
protect the moltén metal from contact with the air. 11 
arc welding this is accomplished by apptying a flux eva! 
ing on the outside of the electrode which will fuse aions 
with the wire. This protects the metal while gos 
through the arc and covers over the deposited metal, 
excluding any air until the weld has*solidified. I! th 
coating is not of the proper type to afford the r juired 
protection, an imperfect or badly burned weld w:! fT 
sult. If we should attempt to are weld 15-5 wil! 4 
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/8% Cr 
/8 Yo Cr Rod 
Good 
Fusion 


/8 Yo Cr Plot 
/8 % CrRod 
Poor Fusion 


/8 % Cr 
Plate 


18% Cr+ 8 %NM 
Rod 
Poor 


fusion 


/8 % Cr Plate 
/8 Yo Cr+8%oNi Rod 
Good fusion 


Fig. 13—Sections Cut Through Four Welds on 18% Chromium Plate, Using 18% Chromium and 18-8 Wire. (Lower Left) Note Fair Diffusion Between Weld and Plate 
When Using Same Metal Even with Lower Heat. (Top Left) Note Good Diffusion in Weld Properly Made. (Top Right) Note Sharp Line Demarcation Between Weld 
and Plate Obtained with Poor Fusion and Dissimilar Metals. (Lower Right) Note Better Diffusion Between Dissimilar Metals When Proper Heat Is Employed 


bare rod of the same analysis a porous, leaky and gen- 
erally bad-appearing bead will be produced. Figure 12 
shows three representative welds made with coatings 
which do not have the above required properties. These 
welds were all deposited on solid plate, excluding any 
possibility of air coming up from the bottom. 

In addition to protecting the metal, the coating should 
ilso have a stabilizing effect to assist in maintaining a 
steady arc. As the weld cools this slag covering will 
crack off to a large extent, due to difference in contraction 
between it and the metal. However, if a weld of more 
than one bead is to be made, all slag should be removed 
with an air hammer and caulking tool, or by some similar 
method, to guard against any being entrapped by further 
ayers. / This flux has a low melting point and any small 
particles remaining will generally be fused and floated 
to the surface by the heat of the next beads, but this 
should not be depended upon. This procedure will pro- 
duce welds which on grinding and polishing will not show 
uly blow holes, gas pockets or slag inclusions. 

Che flux which protects the metal must not contain 
carbonaceous material which will break down under the 
temperature of the arc and carburize the welded metal. 
nly 1S-8-S should be used for electrodes and the car- 


eon content of the deposited metal must be less than 
If 


carbonaceous materials or high-carbon wire are em- 
loyed, the resulting welds may also be high in this ele- 
lent and the ductility will be considerably reduced. 


T 
‘1901 
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sures 10 and 11 show tensile and bend tests on such 
low-carbon welds, respectively. 
‘ienever welding the stainless steels, the same analy- 


sis welding rod should be used as the plate to be welded. 


“This will produce not only a better diffusion betwee 


the weld and plate at the junction of the two, but will 
also give similar corrosion, physical and chemical char 
acteristics between the two,’ Figure 13 shows four welds 
made on chroffiium plates, using both 1S8°% chro- 
mium and 18-8 rods, with proper and poor fusjon. 

While there will be a sharper line or less diffusion noted 
between the deposited and base metal when 18-8 is used 
for both rod and plate than in the case of 18°; chromium, 
there will be a good bond between the two when welding 
is properly done, as shown by the tensile and bend tests 
in Fig.-H. 

In the straight chromium field the alloy containing 
18° chromium, is the most common. This type requires 
the same procedure in welding as the chromium-nickel 
variety, the only difference being that less warpage is 
likely to occur, due to its low expansion, and that the 
welds will be hard and comparatively brittle, due to its 
martensitic structure, In the lower chromiums, such 
as 12°), the welds can be toughened quite well by an 
nealing, but in the higher alloys with 1S“; or more chro 
mium they do not respond satisfactorily to annealing or 
heat treating although if proper welding procedure is 
followed they can be softened to some extent by anneal 
ing for eight hours or so at 1450° F. These alloys at 
room temperature in the as-welded state are so brittle 
that they will snap at the slightest deformation. A 
good example of such welds is shown in Fig. 14, 

While these welds will be brittle at room temperature, 
if raised to a few hundred degrees they will show con 
siderable toughness, sufficient at times to bend about 
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90° before breaking. This is shown in Fig. 15. In-this 
case the sample of carbon steel fire-box plate welded to 
18% chromium stainless with 18% chromium wire, bent 
about 80° without breaking when heated to 400° F. 

Due to its low coefficient of expansion, which is even 
lower than mild steel, 189% chromium is much less liable to 
introduce difficulties than the other type. In some cases 
this is the deciding factor in determining its use. It is 
this property, along with its high blue brittle range, that 
explains why it gives such good service in locomotive 
fire-boxes where the movement, due to expansion and 
contraction on heating and cooling, is considerably re- 
duced. A pair of 1S[9Q chromium side sheets installed ina 
freight locomotive, after running 75,000 miles showed 
absolutely no signs of corrosion, buckling or cracking, 
while a set of regular carbon steel fire-box plates applied 
at the same time to another engine of the same type and 
operating in the same area, showed after 75,000 miles 
numerous radial cracks around the staybolts, deep cor- 
rosion around the mud ring and some buckling between 
the staybolts. Furthermore, very little scale adhered 
to the Enduro plate on the water side, compared to the 
mild steel. This was probably due to the lower expan- 
sion of the stainless causing the scale to crack off and be 
removed at each washing. 

In this case the stainless was welded directly to the 
carbon steel. The operating temperature of this loco- 
motive, around 500° F., is in a range where these welds 
are tough; hence, no trouble was experienced from this 
angle. Considerable difficulty might have been en- 
countered if the operating temperature were around 
100° F., as shown in Fig. 15. 

Recently an entire locomotive fire-box, including side, 
crown, flue, door sheets and syphons, was fabricated 
from 18% chromium, using an all arc-welded construction. 
This locomotive to date has run more than 60,000 miles 
in a bad water condition and is giving no particular 
trouble. No corrosion or metal failures have developed 
and the scale on the water sides cracks off after each 
washout, maintaining a practically scale-free surface. 

While it is best practice always to use welding rod the 
same as the metal being welded, it is sometimes neces- 
sary to deviate from this practice to a certain degree. 
For instance, if a patch were to be welded in a straight 
chromium plate and no provision for contraction were 
provided, it would probably be necessary to use a chro- 
mium-nickel wire, as the strain on the weld on cooling 
would snap a straight chromium bead. Due to greater 


Fig. 15—{Left) 18% Chromium on */s-Inch Plate Shows Good Ductility, Bending 


About 80° When Struck with a Sledge in a “V" Block at 400° F. (Right) Same 


Weld Showing Brittle Break When Cold 


strength and extremely high ductility, an 18-S weld 
would hold. This practice has been followed in several 
cases with good results on straight or flat sections wher 
the 18°, chromium welds failed. 

The high temperature employed in welding, whether 
on chromium or chromium-nickel, will discolor the metal 
for a short distance on each side of the weld. This isa 


‘surface condition only, being nothing more than an oxic 


It can easily be removed, either by some form of pickling 
or by grinding and polishing with abrasive wheels and 
grits, after which the metal underneath will be in th 
same condition as before welding. That is, the oxide 
on the surface does not affect the metal beneath it. i 
this oxide is not removed and the surface becomes wet 
and dry, it will change from a blue color to a brown 
resembling iron rust, along these areas. This likewis 
will be a surface condition only. 


Fig. 14—18% Chromium Weld on ' «-Inch Plate Showing @ Brittle Break at Room Temperature 
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Fig. 16—Tanks of Enduro Stainless Steel fag Weis, Used as Gas Crackers in a Steel 


Gas Welding 


Gas or acetylene welding is used quite extensively on 
stainless steel, especially in the lighter gages, such as 
|S gage and thinner. Gas welding, of course, is slower 
than the electric are method and therefore apt to produce 
considerably more buckling and warpage. However, it 
is difficult to are weld lighter than 16 gage in many cases; 
hence, gas welding is employed in this range. 

The flame used should be as small as possible, supply- 
ing just sufficient heat to produce good fusion. Any 


= 


Fig. 1 
“Trish Sit Bottom Side of Gas Weld Without Flux. Weld Is Rough and Porous. 


eld Using Flux. Note Smooth Uniform Bead Along Center 


excess heat will simply aggravate buckling to a greater 
degree. The ideal flame adjustment would be exactly 
neutral, but, since this is rather difficult to maintain at 
all times, it is advisable to use a slight excess of acetylene 
While there are regulators on the market today which 
will hold a neutral flame quite closely, there are many 
other less accurate types which have been in use for a 
long time. It is, therefore, a good policy to use a slightly 
reducing flame as a general practice. The object of this 
is to develop an atmosphere around the molten metal, 
protecting it from the air just as the flux did on welding 
electrodes. If too much acetylene is used, that is, if the 
flame is too highly carburizing, excess carbon will be 
introduced into the weld metal, making it weak and 


Fig. 18—Airplane Exhaust Collector Ring Gas Welded of Stainless Stee!, Type 


brittle. On the other hand, if the flame runs oxidizing, 
due to too much oxygen or too little acetylene, the weld 
will appear badly burnt and be quite porous., When 
properly adjusted for a slight acetylene flame the feathers 
as noted on the end of the inner blue cone should not be 
more than about '/;,inch long. This will give sufficient 
protection against variations in pressure under average 
conditions to insure solid welds and at the same time 
will not load up with carbon. 

Although this flame will protect the upper side of the 
weld, it will have no effect on the under side. _ It is neces- 
sary, therefore, to apply a flux along the bottom side 
next to the edges. This flux is generally easiest to apply 
by making into a water paste about the consistency of 
molasses and allowing to dry a few minutes after apply- 
ing, or long enough to permit it to become fairly solid 
before welding. As soon as the heat is applied this flux 
will fuse, forming a sort of mold to cover the bead and 
at the same time to protect it on the under side. This 
will produce a smooth, neat-appearing bead, whereas, 
without the flux it will be rough, irregular and will pre- 
sent a generally burnt or bad appearance. 
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Fig. 19—{Left) Spot Welds on 18-8 Showing Depression. (Right) Indentation Reduced 
by Use of Copper or Aluminum Block Between Electrode and Sheet 


In setting up the job for gas welding it is advisable 
wherever possible to clamp the sections in a jig to hold 
the edges in line with each other. In this case the flux 
paste should be applied to the under side and allowed to 
dry at least partially before clamping in the jig. If the 
edges are held apart approximately half the thickness of 
the sheet, good fusion and penetration can easily be ob- 
tained merely by holding the flame directly against the 
work, allowing the edges to melt and fuse with the filler 
rod. [The rod should be held in the flame at all times, at 
least in the protective gases, to prevent the air oxidizing 
the molten globule on the end of the rod before it is drop- 
ped into the weld. The weld metal should not be pud- 
dled with the end of the rod, as is frequently the case 
with ordinary steel) 

In the event @ jig is not available, as is frequently the 
case when many products of various shapes and sizes 
are manufactured, the joint should either be butted to- 
gether straight or the edges may be raised slightly to- 
ward the outside. The flux, however, should be applied 
to the bottom side, as before. The joint should then 
be tack-welded every couple of inches, realigned if neces- 
sary and then finish-welded the same as if ina jig. This 
may cause greater buckling than when a jig is used, but 
if care is exercised in the design of the joint and if the 
rate of welding is rapid, it generally can be held well 
within usual limits. 

The flux may also be applied on the top of the weld, as 
well as on the bottom, or on the wire itself. However, it 
has been found in the majority of cases that the best 
results were obtained by applying it only to the bottom 
side and using a bare wire of the same analysis as the 
plate for the filler rod. Figure 17 shows the bottom 
sides of two gas welds on 22 gage stainless steel. In the 
one case no flux was used and the weld is pretty well 
burnt and porous. The other is smooth and solid. 


Fig. 20—Gas Welding Stainless Steel Liners for Food Shipping Drums 
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While gas welding is contined chiefly to th: lighter 
gages it should not be considered as impossible o1) jy, avier 
sheets, providing the proper fixtures for holding the 
work are available to prevent buckling. Figure jx 
shows a good example of a gas-welded Enduro |\\.s 1; 
airplane exhaust collector ring. Light gage sheets fe 
used to form the sections and then welded along the out 
side to themselves and to the flanges. 


Spot and Projection Welding 


The stainless steels are particularly well adapted 
to spot welding because of their clean surface, freedom 
from any oxide or scale, and because of the absence of 
any coating such as zinc or lead, as on galvanized or tery, 
plate stock. 

Spot welding, in principle, is nothing more than holding 
two sheets in close contact between two copper electrodes 
about an inch or so in diameter with the contact ends 
tapered to about '/s-inch in diameter, and passing a cw 
rent low in voltage but high in amperage through the 
circuit for a short period. Fusion immediately takes 
place between the two sheets, while the excess heat js 
raipdly carried away from the outside surfaces by th 
water-cooled electrodes. The low voltage, about 2 t 


Fig. 21—{Left) Indentation on Lower Side of Projection. 


(Right) Opposite Side Alter 
Projection Weldirg. 


Note Comparatively Smooth Surface at Weld Practically Level 
with Rest of Sheet 


4 volts, is obtained from a step-down transformer wound 
in sections, each being connected with a stop on a rotar) 
control switch by which the current or heat can be in 
creased or decreased by turning up or down, respectively 

While the total heat applied will be determined b) 
the rotary adjustment, the area of the electrode points 
should be maintained as near constant as possible. Any 
increase in area will tend to reduce the heat per unit 
area, resulting in an improperly or poorly fused joint. 
decrease in area will increase the unit heat and will 
usually burn a hole entirely or partly through the sheet t 
be welded, other factors remaining constant. 

The pressure exerted by the electrodes is generall\ 
produced by the compression of helical springs and cai 
be adjusted by a lock nut on a shaft through the cente! 
of the spring. Variable pressures will also affect” 
quality of the weld. Too much pressure wil! recuc 
the resistance of the joint and hence tend to decreas 
the heat generated. The pressure generally determies 
the amount of upset displacement directly following U 
fusing period, producing an indentation on each sit 
the sheets welded. ; 

In addition to these variables, the time of current © 
is of great importance. Too long a period gives 
same result as too much heat. Too short a con! 
produce no weld. 

It is evident, therefore, that spot welding depends 
the following four variables: 


1. Current (controlled by rotary switch). 


2. Diameter of electrode contact points. 
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Fig. 22—Two 18-8 Flat Sheets Seam Welded and Blown Up by Hydraulic Pressure. Welds Did Not Leak 


Pressure (controlled by spring or pneumatic pres- 


sure } 
!. Length of time the current is allowed to flow. 


While it would not be impossible to determine an ad- 
justment of each of these with respect to the other for 
each gage to be welded, as in the case of automatic ma- 
chines where time and pressure are accurately controlled 
by motor-driven cams and the current set by hand, it 
would be next to impossible to determine an adjustment 
for manual operation, due to the personal element. 
Furthermore, such adjustment would be necessary for 
each individual machine. This makes it impossible 
to set up any specific procedure to follow for this class 
of work. However, the Stainless steel in general 
will require less heat than the same gage in common 
steel, due to its lower heat conductivity (tending to con- 
centrate heat in one spot), its lower melting point, and 
the better contact resulting from a scale-free surface. 
Consequently, if an operator is producing good work 


Fig. 23—Stainless Stee! Oil Burner Parts Spot Welded 


on, say 20 gage black steel, he could, in general change 
to the same gage Stainless steel either by dropping the 
switch one point or reducing the time slightly or both. 
More definite instructions cannot be given but the exact 
procedure must be worked out individually, balancing 
one variable against the other until the desired result 
is obtained. If both electrodes are of the same diameter, 
a depression will occur on both sides which, while not 
serious on the pickle finishes, may be objectionable 
on the polished surfaces. This can be reduced by using a 
copper block about '/, inch thick and 2 inches square 
between the electrode and polished side, thus putting 
the major depression on the lower side. An aluminum 
block '/s inch to '/, inch works well in some cases but, 
due to its lower melting point, will tend to pit if a slight 
arc is drawn. This procedure will reduce the depression 
but will not eliminate it entirely, because it is due to 
shrinkage of the molten metal in the center and, hence, 
pulls from both surfaces, as shown in Fig. 19. The in 
dentation remaining, if the work is to be polished, will 
have to be ground out with a cotton wheel set up with 
glue and abrasive of about SO grit or finer. 

Projection welding is a form or variation of spot weld 
ing in which small projections or buttons are raised on 
one side of a sheet or plate at the spots where it is to be 
welded to another sheet. When these two plates ar 
put together and placed between the electrodes and 
pressure applied, the projections themselves act as pointed 
electrodes in localizing the heat. In this way num 
erous welds are frequently produced between two sheets 


in one operation. The projection as originally made 
will, of course, have a depression or deep indentation on 
the one side. This will still be present in the finished 


weld, but due to its greater depth in comparison to on 
side of a spot weld the opposite side will as a general rule 
tend to produce a more even surface than the average 
spot weld as noted in Fig. 21. When welding polished 
Stainless, it is advisable to place the welds in the least 
conspicuous positions, as often it is difficult to refinish 
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Fig 24—Freezing Shelf for Mechanical wey wey Fabricated by Combination Spot 
and Seam Welding of Two Sheets of Stainless Steel 


the welds and have the same color if the whole piece is not 
refinished. This depends, to a great extent, upon the 
finish of the sheets. 

Spot welding, like any other type of welding requiring 
high temperature, will form an oxide on the surface which 
will be blue in color. If this is exposed to the weather or 
moist conditions it will slowly change to a brown color 
resembling rust. This is merely a surface condition, 
affecting the original oxide only. If such welds are to be 
exposed to the atmosphere, they should be cleaned either 
with acid, as in pickling, in the case of No. | finish sheet, 
or ground and polished, if No. 4 or higher finishes are 
employed. In the ground and polished state, spot welds 
have withstood several hundred hours salt spray without 
the least sign of attack. 

Shot welding is also a form of spot welding but em- 
ploys a higher voltage and shorter time, producing less 
heat on the surface. It tends more completely to con- 
fine the heat to the junction of the two sections being 
welded. The method, therefore, produces less oxide or 
discoloration in general on the surface than ordinary spot 
welding. 

Spot and projection welding are used extensively where 
a firm bond or joint with good physical strength between 
two sections is desired, but where water-tightness is not 
a factor. A good example of this is noted in Fig. 23, 
showing several spot-welded oil burner parts. 


Seam Welding 


Seam welding, frequently known as resistance or line 
welding, is similar to spot welding in principle. Instead 
of using two electrodes in making one weld at a time, a 
roller is applied on both electrodes and the work is fed 
between these, as a continual series of intermittent welds 
is produced. Various machines employ different meth- 
ods of producing this intermittent effect, but in nearly 
all cases the resulting weld is a series of overlapping spot 
welds, as can be noted by a stitch effect on the surface. 
The adjustment or manipulation is similar to that for 
spot welding. It should be remembered, however, that 
the range for welding the chromium and chromium- 
nickel is considerably more narrow than common steel 
and because of this a closer adjustment is of vital im- 
portance. 

Water-tight welds are produced by this method as 
shown in Fig. 22. This shows two flat Stainless 18-8 
sheets seam welded together around the outside. A 
pipe coupling was soldered over a hole drilled in the 
center of one plate. Hydraulic pressure was applied 
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Fig. 25—Production Flash Welding on Beverage Shipping Drums Made of Stainless 


eel, Type 18-8-' 


and plate blown up as shown without a leak appearing 


in the weld. 


This type of welding is used extensively in the manu 


facture of light sheet metal containers or packages. 


Fig 


ure 24 shows an evaporator for a mechanical refrigerator 


made by seam welding |S-S-S sheets. 


Flash Welding 


Stainless steel can be flash welded much like ordinary 
steel products, provided certain conditions are observed 
as noted before. In this type of welding the two sheets 
or bars to be joined are held in grips approximately '/, 
inch or so from the edges, depending on the section. 
The current is turned on, the edges brought together 
and a certain amount flashed off, during which period 
the metal is coming up to welding heat. At the proper 
time the current is shut off and the two edges squeezed 
together or upset, producing a burr along the outside 


which, when ground or chipped off, shows a solid 


weld 


beneath. A close adjustment of all these operations is 
very important with stainless as compared to ordinary 


steel. For instance, if the metal is too hot or the 


time 


between the flash and upset is too long, part of the metal 
will flow away like water, leaving a hole in the finished 
joint. In producing the actual upset the first stage 
should be very rapid followed by a slower movement 
than with steel. This will keep the very fluid nearly 


Fig. 26—Insulated Beer Barre! with Inner Shell of Stainless Steel Welded by the 
Hydrogen Method 
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lten metal from dropping away at first and the slower 
and ! fnal movement will allow the metal to upset evenly 
ctead of crawling irregular from one side to the other. 
When conditions are right, this joint will be solid. It is 
essary, therefore, that automatic control of all stages 
employe d. The two edges along the joint should be 
uniform and straight as possible in order to start heat- 
or flashing along the entire section at the same time 
‘prevent over-heating or loss of metal at any one point, 


: would be the case if contact were made at one end of 


he joint much earlier than the other. The grips should 
so be in good mechanical condition to prevent climbing, 
especially with thin sections. Generally speaking, here, 
; in spot welding, less heat or shorter time will be re- 
wired than with common steel of the same section. Fig- 
re 25 shows a stainless steel beverage shipping drum 
ng flash welded and trimmed. 


Atomic Hydrogen Welding 


In this method of welding a stream of hydrogen is 


assed through an electric arc between two tungsten 


lectrodes. This effects the break down of the molecular 
ydrogen into the atomic state with the absorption of a 
rve amount of heat. As it leaves the influence of the 
ie it reverts to the molecular state and gives up the 
bsorbed heat while it is in contact with the metal to be 
edded which is then fused by the heat evolved. The 
drogen itself burns, thus generating more heat. Dur- 
g the process the hydrogen offers excellent protection 
the molten metal, excluding any air coming in contact 
with the weld. This method is well adapted for stainless 
teel welding. It works well either with a filler rod or by 
using the edges of a joint when butted together without 
iny additional metal. 
Automatic atomic hydrogen welds on stainless steel 
under proper control will develop an even, smooth, sani- 
tary surface on the opposite side, cleaning readily with 


“Hand Operated Cutting Torches Retain 
Their Unlimited Application Scope’ 


By E. L. MATHY* 


HETHER the welding process involves the 
electric arc, the gas welding torch or any one of 
numerous automatic welding processes—the 


‘utting torch remains the universally required tool. If 


Vice-President, Victor equipment Co 
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only a pickling operation. Figure 26 shows a Stain- 
less steel inner shell beverage shipping drum welded 
automatically with atomic hydrogen. 


Brazing and Silver Soldering 


Stainless steel can be brazed or silver soldered satis- 
factorily by using proper fluxes. Ordinary steel flux 
or borax will not successfully remove the scale formed 
on the surface when heated and hence will prohibit any 
bond between the solder and the steel. The solder will 
ball up resembling water drops on an oiled surface and 
will not adhere. Special fluxes for Stainless steel are on 
the market which, when used dry or in a water paste 
applied to the surface before heating, will eliminate this 
difficulty because they will fuse and protect the steel 
from the formation of an oxide on it. 

Low melting silver solder is to be preferred over those 
melting at higher temperatures because it reduces the 
tendency to form scale and also reduces warping. It is 
advisable to heat the rod and apply dry flux, as is the 
general practice, in addition to the original paste or dry 
powder on the steel itself. Care not to overheat the 
metal is necessary because copper alloys will penetrate 
entirely through the sheet following the grain boundaries, 
resulting in checks or cracks upon cooling. The straight 
chromium Stainless steels are not so sensitive to this con- 
dition and seldom check because of copper penetration. 
When using the chromium-nickel type it is recommended 
that only the low-carbon product be used in order to re- 
duce or eliminate this tendency. Figure 24, the tubular 
connections are silver soldered to the Stainless steel evapo- 
rator shell. 

In the comparatively short time that these Stainless 
steels have been produced on a commercial scale their 
uses and applications have grown rapidly, largely as a 
result of the ease with which they can be fabricated. 
Welding has played a large part in this development. 


one were to consider the perpetuation of modern con 
struction, maintenance procedure, dismantling operations 
or design simplicities without the availability of a suit 
able cutting torch, one would have to recognize that in- 
dustry would be obliged to give up virtually all of the 
advantages gained during the past quarter century. 

Illustrated in the two accompanying pictures is the 
scrapping of a 60 foot long, 21 inch diameter, propeller 
shaft which was taken out of the old ship ‘Contra Costa.’ 
The dismantling and scrapping operations were conduc- 
ted by J. F. Petersen of Antioch, California. Note 
particularly the engraving illustrating how smoothly the 
cutting torch permits a straight cut through the center of 
this 21-inch diameter shaft.”’ 
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been used up in the past two years by the newspapers 

and the technical press in efforts to describe ade- 
quately the amazing dam construction project in the 
Grand Coulee. Its size alone beggars analogy. Its 
potential benefits are said to be of astronomical pro- 
portions in terms of dollars and cents; what economic 
advantages it is expected to provide in cheap power, 
irrigation and land reclamation lie in the future dreams 
and hopes of millions of people. These things will be 
more determinable in about 50 years. 

Today the important phases of the construction work 
are being watched by contractors and engineers the 
world over, so that they may learn every detail of the 
modern methods and techniques being applied to this 
work. 


Tices of paper and gallons of printing ink have 


Project Beggars Description 


A general picture of the dam construction work is, of 
course, necessary for an intelligent understanding of the 
varied applications of the oxyacetylene process. 

The Columbia River, 1210 miles long, flows in general, 
southwest across the State of Washington. It drains 
a watershed of 259,000 square miles, an area roughly 
equal to that covered by the States of New York, Penn- 
sylvania, Ohio, Virginia, West Virginia, Delaware, Ken- 
tucky and Maryland. In the 700 miles of its travel 
through Washington it falls about 1300 ft., giving it 
tremendous power potentialities. Boulder Dam handles 
the Colorado River’s maximum flow of 300,000 second- 


* The Linde Air Products Co 
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Grand Coulee 
Dam 


By A. G. WIKOFF* 


The World's Greatest Dam Is an Inspiring Example 
to Contractors the World Over 


To Carry Aggregate and Cement Across the River from Eastmix to Westmix 
a —_ Suspension Bridge Was Built. The Gravel Conveyor |s in the 
Bridge and Above It Is the 10-In. Welded Pipe Line for Dry Cement 


feet, while the Grand Coulee will handle a maximum 
Columbia flow of 725,000 second-feet. The average 
annual runoff of the Columbia at Grand Coulee is 
79,000,000 acre-feet—more than five times the annual 
runoff of the Colorado at Boulder. 

Such tremendous flow will give the Grand Coulee a 
power capacity of 2,520,000 hp. as compared to Boulders 
1,733,000 hp. 

The dam structure, four times the bulk of the Great 
Pyramid, will have a mass of 23,000,000 tons necessary t 
impound an artificial lake of 9,500,000 acre-feet of wate: 
Its length will be 4300 ft., its base width 500 ft., its height 
when completed 550 ft. and the surface backwater of th 
lake behind it 151 miles. 


Construction Problems 

Design and construction of the dam have preserted 
problems never before attempted. New types 9! ms 
chinery had to be built, and the exercise of ingemous ens! 
neering skill was mandatory. This great river, «0 !! 
across, 70 ft. deep, flowing as fast as 14 miles per lit 
has had to be wrested from its ancient channel and mad 
to flow through man-made by-passes while the dam foun 
dation was being built. 

A steel cofferdam 3000 ft. long had to be sunk to Ded 
rock. A mountainside of earth—15,000,000 cubic yaras 
of dirt and rocks—is being transported more that 4 mil 
and raised 600 ft. by endless belt conveyors. Th isands 
of tons of greasy earth had to be frozen in place by a™ 
ficial refrigeration to prevent a serious landslide 

An ingenious network of belt conveyors was p"' _— 
to carry prepared aggregates of sand, gravel anc ybble- 
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Practically All Piping for General Service Is Fabricated by Oxyacetylene Welding 


stones to the mixing plants, likewise constructed for this 
ob alone. These plants are known as ‘“‘The Houses of 
Magic The huge machinery weighs and mixes S000 
cubic yards of mixture each day. There is also the 
gravel plant a mile from the damsite. Specially de- 
signed and fabricated machinery sorts and washes many 
thousands of tons of sand and gravel daily. 

In the fabrication and maintenance of all the special 
machinery, the hundreds of trucks and tractors, the 
pipe lines for water and for dry cement, steel working 
structures (larger than many great bridges) over the 
dam itself, the building and removal of the cofferdams, 
and the thousands of other miscellaneous kinds of es- 
sential equipment, the blowpipe has proved to be of the 
utmost value as a tool for the construction engineer. 


The Cofferdams 


The cofferdam on the West bank, 125 ft. high and 
larger than any ever before built, was a 3000 ft. row of 
circular cells each 50 ft. in diameter. Sheet steel inter- 
locking piling was driven to bedrock. Standard 80-ft. 
mill lengths were too short for the required height and 
had to be extended by the addition of 45-ft. lengths. 
\bout 35 operators were employed on this work cutting 
the piles to the correct length. The shaping and fabrica- 
tion of steel reinforcements for this was a considerable 
job in itself. Speed was all essential in order to finish 
before the spring high water. 

Later, two cross-stream cofferdams had to be con- 
structed. These were rock-filled timber cribs faced with 
sheet steel. Little oxyacetylene work was required on 
this section except some cutting for the fitting of the 
lacing 

Another steel cofferdam 100 ft. in height from the sur- 
lace to bedrock, and about 72 ft. in length was con- 
structed in order to carry out a repair job on the East 
side of the pier to the highway bridge. — 


The Gravel Plant and Conveyors 


A hundred-acre glacial deposit 1'/, miles from the dam- 
= provides the aggregate sand and gravel for the mix. 
— shovels gouge out the deposit and spew their 
—_ into huge shape-cut and welded conveyor mouths. 
Grizzlies fabricated by welding, and hard-faced to in- 
Tease their life, remove oversize stones. The rest of 
Une aggregate is carried downhill to the gravel plant. 
“rushing, screening, washing and de-watering of the 
material are carried out in the gravel plant and then the 
material is stored to await mixing. 
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Hoppers of steel plate were entirely shape cut and 
welded. Liner plates for the hoppers were hard-faced to 
increase their resistance to the severe abrasion. 

A multitude of machine parts both on the conveyors 
and in the gravel plant such as gears, rings, thrust-bear 
ings and collars, and sheaves are being constantly re 
built with bronze-welding rod for replacement service 
Wherever wear is specially severe, the part is hard-faced 
Dipper teeth are examples of this. Broken castings and 
structural steel parts of the plant are welded in repair 
Derrick and crane booms are heated and straightened. 
A complete list of welding and cutting work that is con 
stantly being carried on in this division would be practi 
cally a glossary of names of all the machine parts used on 
this project. 


Eastmix and Westmix 

The sorted and graded gravel, rocks and sand are car 
ried by conveyor and suspension bridge to either one of 
the two “Houses of Magic,’ Eastmix and Westmix, in 
which the aggregate becomes concrete. Great bins for 
storing gravel, sand and cement feed these parts of the 
mix into weighing hoppers, and in turn to the huge re 
volving mixers. All control of quantities is by elec 
tricity as is, in fact, the entire operation of the plants. 
The two mixing plants together turn out a total of 
24,000 tons of concrete per 24-hr. day. 

The part played by the welding operators toward keep- 
ing these amazing plants in operation day and night is 
similar to that of a hospital staff. Important emergency 
breakdowns call forth the welding crew to make immedi 
ate repairs. Minor ailments of individual parts of the 
equipment are cared for at the central welding shdp 
gears, brackets, beams, rollers, dogs, shutes, housings, 
motor frames, shafts, cams, booms and piping are among 
the ordinary patients. Where such incessant abrasion 
and impact exist any machine part may require rebuild 
ing, straightening, replacement or repair at a moment's 
notice. Bronze-surfacing and hard-facing are important 
and continual operations. Steel welding and bronze 
welding for broken parts is constantly ‘“‘on the go.” 
Portable welding and cutting equipment is out all the 
time mending, fixing and helping to keep the plant going. 


The Dam 
Concrete from the “‘Houses of Magic” is carried in 
hopper-bottomed buckets on flat cars out on the trestles 
over the dam and lowered by cranes to the forms below. 


Layer Upon Layer of Concrete Is Being Poured to Form Great Blocks. When the 

Gaps Are Filled the Spaces Between Each Block Must be Grouted. Strips of Bronze- 

Welded Copper Are Placed During the Pouring to Keep the Grout from Seeping out 
In the Picture Below a Detail of a Grout Strip Shows Why Welding Is Necessary 
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The block system of building the structure is being 
used in order to simplify the dissipation of heat from the 
hardening concrete. When the concrete cools it shrinks 
and contracts. The blocks lock into each other and at 
the same time minimize cracking. The cooling of the 
mass is accomplished by the same method that was used 
at Boulder Dam. Each block contains a network of 
pipe, about 400 miles of it altogether, through which cold 
river water is passed. Thus thirty days finds the con- 
crete cold, whereas without this system several years 
would be required. All joints in the many headers used 
for this system have been made with the blow pipe. 

As the concrete blocks cool, they shrink. The inter- 
stices between the blocks are filled later with grout which 
hardens and unites the structure into a solid monolithic 
mass. To keep each batch of grout in its predetermined 
area between the great blocks, and so that it will not 
seep out where it is not wanted, strips of 20-gage copper 
are nailed to the forms. These flange out, some in a 
vertical and some in a horizontal position to act as re- 
taining strips for the grout. Corners and joints are all 
welded to provide watertight connections. Special 
small oxygen and acetylene cylinders that can easily be 
carried on the backs of operator and helper are used, one 
to a man. Thus, the equipment is entirely portable. 
High-strength bronze-welding rod is used for this, both 
to increase the speed of the work and to assure strong 
joints. 


The General Repair Shop 

A general or central repair shop is maintained and 
staffed with a regular crew of operators. Oxygen is 
supplied from manifolded cylinders, and acetylene from 
generators. Both gases are piped to station outlets in 
the shop and other strategic locations. 

All kinds of welding and cutting jobs for repair and 
maintenance are carried out at this shop, which is in addi- 
tion to welding equipment and operators working in con- 
nection with other parts of the project. 


Gears and Sprockets, Among Other Things, Are Con- 
stantly in Demand. The View Above Is Typical Because 
it Shows the Shape Cutting Machine Turning Out a 
} mee for Use in the Complicated Machinery of the 

avel Conveying Equipment. Just to the Right of This Pic- 
ture Several Standard Templets Are Shown. These Guides 
for the Cutting Machine Reveal Some of the Parts That Are 
Frequently Needed 


A Bronze-Welded Repair to a Cracked Pile Driver Cylinder Is Typical of Much of th 
Repair Work 


Excavating equipment naturally requires a great deal 
of work. Booms are repaired and straightened, shafts 
of all kinds repaired, straightened and rebuilt when worn 
gears are rebuilt; fractured castings for pumps, engines 
motors, and a great many other kinds of machinery ar: 
repaired by bronze-welding. Dipper teeth are repointed 
and hard-faced. Pipe specials are fabricated. Special 
fabrication work to meet the demands of such a vast 
project is in constant demand. 

It is interesting to note the extensive use made of cut 
ting machines for much of the fabrication work. Several 
small portable cutting machines provide ready means 
for cutting stock material to size in the most economical 
manner. A full size shape cutting machine is kept busy 
turning out gears, sprockets, hooks, pins, blanks, cams 
rings, pipe flanges, wrenches, levers, washers and hw 
dreds of other needed parts. 


Pipe Lines 


Another important phase of welding work at the 
Grand Coulee is the fabrication of pipe lines for all kinds 
of services. Of major interest is the 10-in. diameter dry 
cement line. Coulee takes from fifty to sixty carloads 
of cement a day, a large part of the output of five Wash- 
ington companies. It is removed from the trains by a 
rotating disk and stored in eleven 5000-barrel silos. The 
dry cement pipe line carries the material under forced 
draft from the silos to Eastmix. Cement for Westmix is 
carried on through the pipe line over a suspension bridge 
across the canyon. 

Another important line is the 16-in. water line from 
Mason City which supplies water to the gravel plant lor 
washing gravel. This line, like all the others, was welded 
with High Test steel welding rod for greatest reliability 
and joint strength. 

In addition to these, there are thousands of leet 0! 
welded pipe lines of varying lengths, sizes and for various 
services. 
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or the Auto Body “Doctor” 


By E. R. MECLEARY* 


‘acetylene Torch Particularly Suitable for Use with 
Auto Body Solder 


UITE recently the airacetylene torch has been 
used successfully for applying body solder during 
repairs to damaged automobile fenders and body 

yanels. For a good many years body workers have been 
using the oxyacetylene flame for this work. This is a 
speedy and economical method. Due to the intense 
nd concentrated heat of the oxyacetylene flame it is 
necessary to hold the flame at a considerable distance from 
the body of the car to prevent overheating of the metal 
or ally possible woodwork or upholstery that might be 
on the inside of the body. The airacetylene flame, not 
having the tremendous heat of the oxyacetylene flame, 
has been found to be ideal for this work. The heat is 
more spread out and less intense. For the flowing on of 
body solder on vertical surfaces it is particularly recom- 
mended. It flows the solder rapidly, and the tip of the 
fame can be touched to the car with no possible damage 
to the metal. 

[he standard plumber’s type of airacetylene torch 
has alreaay been enthusiastically received by those shops 
that have tried out this method. Many of the body 
shops are using the small dissolved acetylene portable 
tanks, sometimes known as “‘auto light tanks,”’ although 
thers have used the torch from a standard industrial 
cylinder of acetylene provided with a suitable pressure 
reducing regulator. 


Equipment Entirely Portable 


The portability of the small tanks used with the plum- 
ber's type outfit is an important feature. The use of 
this equipment as an auxiliary to the regular oxyacety- 
lene welding equipment means that this latter apparatus 
need not be removed from regular welding and cutting 
operations in the shop. 

Practically every time an automobile fender or body is 
damaged it is difficult if not impossible to pound out 
every dent. In many cases it would be necessary to re- 
move a large amount of upholstery before the dents 


The Airacetylene Flame Is Rated ‘’Tops’’ for Flowing Auto Body Solder 
on Vertical Surfaces 


* Publicity Department, Union Carbide and Carbon Corp. 


Field Use Shows That This Body Solder Method Cuts the Cost for This Work in Half 


could be pounded from the body or doors. For sthis 
reason body solders have been developed and are in 
general use. 

The method of using this solder in conjunction with the 
airacetylene torch is as follows: First the surface of the 
car to be repaired is thoroughly cleaned by filing or with 
emery paper. An accepted and popular method is to 
heat the metal slightly with the airacetylene torch, and 
then use steel wool and flux to rub the surface clean. 
The flux used is a special kind well known to the auto 
inotive repair trade. It has the effect of helping to clean 
and at the same time of tinning the surface when it is 
rubbed on. 

It is a simple matter to make the body solder adhere 
to the metal which has been tinned in this way. If a 
large dent 1s to be filled, a wooden block is used to push 
the molten solder into its proper position. 


Cuts Costs in Half 


Those who have used the airacetylene torch for this 
work credit it with practically cutting the cost of such 
body work in half. This is particularly true in working 
on vertical surfaces or for working-in large quantities 
of solder where too much heat would cause the solder to 
break loose and drop to the floor. It is also said that 
there is less chance of rust on the body of an automobile 
which has been properly tinned and soldered in this way. 

An additional use of this torch in connection with body 
repair work is on doors and panels which have been bent 
or sprung. In many cases an application of the air- 
acetylene flame in a circular fashion to the sprung portion 
will cause it to spring back almost if not all the way to its 
original position. It is then a simple matter to fill up 
the dent with the body solder. This job is finished be- 
fore it would be possible to take out the upholstery and 
fix it in any other way. 

In those cases where the metal is actually torn or 
split, as in a fender break, the oxyacetylene blowpipe 
will quickly make the necessary repairs. 
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Safe Ending Locomotive Boiler Flues 
and Super-Heater Tubes 


By H. A. WOOFTER* 


HEN a locomotive is in service the flues and tubes 
oxidize and pit rapidly, due to impurities in the 
vater used, as well as certain other actions due to 
contraction and expansion of metals when unequally 
heated. This scouring and pitting action is most violent 
on the flues and tubes at their junction with the front and 
rear heads of the boiler, and it is necessary occasionally 
to remove the flues and tubes from the boiler and ‘‘safe 
end’ them. This has to be done in some districts as 
often as every eight months, while in other sections of 
the country, where the feed water is purer, the tubes will 
last from eighteen months tothree years without attention, 
By cutting off the weakened ends of the flues or tubes 
and adding a new piece from 8 inches to 12 inches long on 
one end they can again be reassembled in the boiler and 
used for another period, when it is again necessary to re- 
peat the same operation. This is known as “‘safe end- 
ing’’ and applies both to flues and superheater tubes, the 
new piece added being known as a ‘‘safe end.” 

Until recent years it was the time-honored custom to 
heat the ends of the old and new pieces in a gas or oil 
furnace, swage down the end of the old flue, expand the 
end of the new piece to be added, then force the new end 
over the old flue in the manner of a scarf joint and ham- 
mer the pieces together in a weld by means of a pneu- 
matic hammer. The rejected or imperfect welds some- 
times ran as high as 30% on flues welded by the furnace 
and forge process. Furthermore, the production was 
limited to a small number of flues per hour for two men. 

In 1912 the Norfolk and Western Railroad installed 
an electric welder for this class of work, followed in a few 
years by the Nashville, Chattanooga and St. Louis Rail- 
road and a few others. Within the last dozen years more 
than half of the railroads of the United States and Canada 
have installed resistance welders in their maintenance de- 
partments. Some large roads, such as the New York 


*Chief Engineer, Federal Machine and Welder Co., Warren, O 


STORACK FOR SAFE ENDS 


Central, and the Santa Fe have eight or ten flue welder: 
in their various shops. Customers were urged at firs 
to scarf the ends of the flues and safe ends in a lathe }y 
fore attempting to make electric welds. Also, they wer 
cautioned to machine the pieces very accurately, so as 
obtain practically perfect contact before attempting 
weld. But even this order has changed with the adver: 
of better flue welders and now it is found that it js 
necessary to scarf the ends of the flues or safe end 
neither is it necessary to do any lathe or machine wor} 
owing to better clamping devices, dies and more uniforp 
distribution of the current to the work. The flues ma 
be either sawed or cut by an ordinary disk cutter or pip: 
mill. The latest type of flue welder burns off abou 
'/, inch from the end of each piece of the work, so tha: 
inequalities of surface are in this way eliminated. But 
it is very essential to have a properly designed, moder 
welder. Early flue welders were of the butt type on) 
and required nearly a perfect fit between faces of th 
work. 

The present practice, or routine, in the most up-to-dat 
railroad shops is about as follows: The old flues and 
tubes taken from the locomotives are tumbled or rattled 
for a number of hours inside a revolving drum, where hot 
water, steam and sometimes certain chemicals are placed 
to remove the rust and scale which has accumulated 
The damaged ends are then cut off in a pipe mill or pip 
cutter, and they are ready for new safe ends. If, how 
ever, the rattler has not completely removed the scale or 
rust from the ends, or if they have rusted while in storag: 
it is well to have a sand paper belt machine at hand s 
that they may be pressed against the belt for three or 
four seconds to clean the end which goes into the ele 
trodes of the welder. The safe ends, ordinarily, do not 
require cleaning. If, however, they are rusty they also 
may be cleaned against the sand paper belt. Clea 
work greatly lengthens the life of the dies, and makes 
cleaning less frequent. 
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RAILROAD TRACK. 


Ui tit 


mM fm 


Fig 1—Arrangement of a Flue Welding Shop Using an Secite Welder. Two Welders May Be Used by Making Another Line of Work Down the Other Half of the Same 
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Arrows Indicate Travel of Work to Completion 
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OLD TUBE NEW END 


Fig. 2 


OLD TUBE NEW END 


Fig. 3 


Obsolete Methods of Repairing Work 


rhe flue and safe end are then clamped in the welder 
means of quick acting air cylinders. The weld is 
made in the period of a few seconds by the flash process. 
rhe vicinity of the weld is then heated a little more and 
mechanical pressure applied so as to make a slight upset, 
+ swelling, in the vicinity of the weld so that it will go 
ver the mandrel. The flue is immediately unclamped, 
shoved quickly over the mandrel around which three 
rollers are revolving, which roll down the upset, leaving a 
smooth surface on both the inside and outside diameters. 
lhe practice formerly was to test each weld, either by 
means of steam or air pressure, at the same time striking 
‘he flue several hard blows with a hammer, and a brush 
uid soapsuds were used to see if any bubbles appeared, 
ndicating leaks. However, a leak was found so rarely 
that many of the most up-to-date shops do not now test 
the flues in any manner, but install them directly in the 
locomotives. Flues are sometimes safe ended by this 
method as many as ten or twelve successive times. 

It is the practice in some cases to weld together pieces 
flues or tubing which would otherwise be scrapped, 
hus making them long enough for a locomotive. This 
is known as “Reclaiming,” or ‘‘Salvaging.”’ 

(he following figures may be helpful. 

Figure | shows a layout of a modern flue welding room. 

Figures 2 and 3 represent what is now an obsolete 
method of preparing flues and safe ends for the welder. 

Figures 4 and 5 show the present practice of prepara- 

u, both ends of the work being either sawed or cut 
na pipe mill. 

lt has been found possible to take care of the flues 

d tubes of from 1000 to 1200 locomotives in one weld- 
ig machine, by operating it day and night. However, 
this is not good practice for several reasons, andef€ is 
better to have two welders in an average sized shop, one 
small welder of about 60 to 100 kva. capacity to weld 
the flues from 2 to 3 inches inclusive, and another larger 
welder of 200 kva. capacity for welding superheater 
tubes, the largest of which is usually about 6'/2 inches in 
diameter. It is possible to take care of all sizes of tubes 
ind flues on one large welder, but it is necessary to 
lange the copper dies to suit the particular diameter of 
the work 

‘here has been developed recently the latest and 


st up-to-date flue welders known to the trade. They 

‘bsolutely flash proof, thus insuring long life to the 
“inder and bearings. All moving surfaces slide on 
‘ardened and ground steel plates, thus assuring perfect 
‘uigument. The clamping device is especially improved 
any that has previously been available, assuring long 


OLD TUBE END | 
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Fig. 4 


Ends Sawed Of or Cut in Pipe Mill 


life through its absolute protection from slag, as well as 
a perfect distribution of current around the circum 
ference of the work. 

Two sizes have been developed, the smaller 60 to 100 
kva., the larger 150 to 200 kva. These welders can be 
supplied with either of four different types of pressure 
devices. 


|. Hand toggle which gives the operator perfect con 
trol of his work at all times. 


2. Hydraulic pressure from an accumulator or pump. 
3. An oil gear, or similar device. 
+. Hand operated oil jack. (Obsolete) 


The oil jack was used on all large early types of flue 
welders, but is now obsolete. While it is still used in 
a few shops, it is not recommended. It is too slow in 
production, and too laborious on the operator. When 
either the oil gear or accumulator pressure is used, the 
welder is furnished with a suitable pressure cylinder all 
ready to pipe up to the pressure device. The smaller 
welder is practically always supplied with the hand toggle 
pressure device, since the amount of human energy needed 
is not great to push up the smaller work. The latger 
welder should have a mechanical pressure device of some 
sort, since the large superheater tubes sometimes have an 
actual cross section of about 4'/. square inches, requiring 
about ten tons pressure to push up the weld. 

The following Table No. 1, supplied by a superintendent 
of a railroad shop where an electric flue welder is used, 
indicates the total cost and production of the electric 
process over the oil process to say nothing of the enor- 
mous saving of time. 


Table | 
Pro- 
duction 
10 Hours 
Welded 
Size and Percent Cost per 
Customer Process Flue Rolled Defects Weld 
N.C. & St. L. R. R. Electric 2 in 700 $00 0104 
N.C.&8.L.R.R. Oil 2 in 370 30 SOO 0354 
N.C. & St. L. R. R. Electric in 0) $00 0402 
Of] 5*/, in S00). 14 


In the shops where the electric process is used overtime 
work and work on holidays, Saturday afternoons and 
Sundays, which require time and a half pay, have often 
been eliminated, thus making a still greater economy in 
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Fig. 5 


Ends Cut by Disk Cutter 


Latest Method of Preparing Work 
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the boiler department of the shop. When the welder is 
not being used for flues or tubes, by inserting suitable 
dies it can be used for welding round or bar stock, or for 
annealing, or for heating and stretching, etc. By the use 
of special dies the flue welder is often used to weld the 
return bends to superheater pipes, thus making an addi- 
tional saving of time and money. One weld at a time is 
made on the small welders, but two welds at once are 
made on the larger welders. The welded joints in return 
bends have an enormous factor of safety over the obsolete 
threaded joints. It is sometimes remarkable to note the 
novel and unusual uses that customers make of electric 
welders. Inone shop visited by the writertwo men getting 
a production of from SO to 100 welded 5*/s;inches diameter 
superheater tubes per day, whereas they had considered 
themselves fortunate to secure twenty welds per day by 
means of the oil forge. 

Table 2 indicates the approximate cost for the electric 
power only which is required for certain diameter flues 
and tubes. 


Table 2 
Production Cost per 
in9 Hours 1000 Welds 

Time in Seconds Welded and at l¢ per 
Size of Flue (Welding Only) Rolled Kwh. 
2 in About 4 to 7 700 $1.25 
3 in. About 5 to 8 500 1.75 
4 in. About 20 250 3.00 
5?/s in. About 30 75 5.00 


Tables | and 2 were compiled about fifteen years ago, 
and were based on welders that are now obsolete, and 
power rates that were higher than at the present time. 
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Tabulations based on the latest types of welders would 
show much greater production, and greater reduction it 
cost of operation. It is conservative to estimate that the 
electric process of safe ending costs only one-third as 
much as the oil process. 

For rolling down the welds of safe ends the “Hart: 
roller has been found fairly satisfactory and it is usuall) 
installed at the left-hand end of the welder so that th 
work may be quickly unclamped and shoved endwise over 
the mandrel between the rollers, while still in practically 
a plastic condition. The time required to roll down 
weld is about two seconds on this type of roller. But the 
‘Hartz’ Roller is limited to welds that are 14 inches or 
less from the end of the work. For “Reclaiming ot 
‘‘Salvaging’’ where the welds may be anywhere from - 
ft. to 6 or 8 ft. in from the end of the work, a special typ 
of roller with about a 9-ft. throat is necessary. 1 his 
special roller will also roll down the welds in saie ends 
Hence, it is preferable to install the special roller only s 
as to give the welder its fullest range of usefulness. Tlus 
rolling device should always be installed at the le‘t hand 
end of the welder in line, longitudinally, with the dies 
so that the hot work can be shoved endwise to the lett 
over the mandrel, and between the rollers, the instant tt 
is unclamped. Some shops using ‘‘Hartz Rollers pre'e! 
to install them parallel to, and about four feet trom the 
welder, and directly back of the operator. Thus 1s not 
the best practice, however, for the work must be taken 
entirely out of the welder, and the operator must turn 
around in order to get the work into the roller and out 
again, with considerable loss of time and reduced pr 
duction. 

The best method of cleaning the ends of flues and tubes 
is by means of a sand paper belt running over two pulleys 
similar to a band saw. There are several makes on tht 
market, any one of which will give satisfactory results 
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CASING 


t twelve years ago a prominent railroad company 
made up a test flue by welding together ten pieces of 2 
‘nch diameter by 8 inch long boiler flues. rhis sample 
fue was then bent cold around a 20-inch diameter mandrel 
and then subjected to a water pressure test. rhere were 
no jeaks or creasing or buckling. It shows conclusively 
that the welds are at least 100° ¢ as strong as the original 
flue, but are most likely about 110¢ o as strong, due to 
the pressure of the rolling having refined the grain of the 
metal at and near the weld. 


Abou 


Stabbing Casing 


Casing Pipe Welding 


By H. CARD* 


Picking Up Casing Joint with Elevators 


N the production division of the petroleum industry 
the welding of oil well casing pipe seems destined to 
become an accepted standard operation. Yet in 

spite of the advantages which are offered by a satisfac 

tory job there are numerous special problems involved 
which differentiate this application from the many pipe 
welding jobs that have been completely approved. Some 
ot these problems affect the welder only indirectly. One 

| these is the fire hazard when gas is present. This was 

a source of worry at the beginning but it was found to be 
adequately controlled by the use of heavy mud. In 
otary drilling the weight of the mud can be controlled, 
nd as a hole is kept full of mud at all times operators 

are able to control the gas, except in a very few fields. 

‘hese more hazardous fields are known and welding is 

tot attempted in them. However, the same hazard 

“sim other methods of running casings, because 

sparks may be thrown off by threaded and coupled pipe 

‘nd by tools inside the casing. Another problem arises 

irom the lact that deep well casing pipe is frequently 

made of medium carbon steel of high-tensile strength and 

‘he high-carbon content of the material makes necessary 

Special procedures which slow up the work, and time is 

precious in oil well work. However, if other difficulties 


National Electrical Manufacturers Association, 
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The Electric Flue Welder is widely used in pipe and 
tube mills. In one factory visited by the writer 2 inch 
diameter standard pipe was being welded together into 
continuous straight pieces, each half a mile long. As the 
pieces were being added to by welding it was necessary 
to run them out through a long field. They were 
brought back by being wound into large spiral coils, ten 
feet high for heating coils and refrigerating tanks. In the 
same plant several welders were being used to weld to- 
gether sections of loop coils, for heating systems. 


Aligning Casing Before Welding 


Completed Weld, 18°«” Casing 


are overcome, which appears to be a certainty, it is 
probable that casings of more easily weldable quality 
will be made available without undue sacrifice of 
strength. 

It should be obvious that a considerable portion of the 
advantage gained by using the higher carbon steels is 
lost by the reduced efficiency of the pipe wall where 
threads are cut, and this could be more than offset by 
using material which would permit of developing 100% 
efficiency at the joint. Success in this field will therefore 
depend on perfecting operating methods that insure gas 
tight joints at a speed comparable to running a string of 
coupled joints. 

Electric arc welding has the preference of most con 
tractors, because of the greater ease of making a double 
bead weld, and of minimizing the heating of the parent 
metal. The are weld suffers less quenching effect when 
the finished joint is lowered into the well, and that is of 
great importance to the contractor, who wants to go 
down with the casing without loss even of seconds. 

Oil men are interested in two qualities that are inherent 
in good pipe weld. One is that having been made leak 
proof it stays leakproof because there is nothing about 
it that can work loose. Another is that it can be made 
permanently as strong as the pipe itself 
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The welding problem, then, is to do a 100% job and do 
itfast. Some of the earliest welded strings took as much 
as three times the running time as equivalent coupled 
strings but that time differential has been almost com- 
pletely removed, and after a little more experience has 
been gained there will be no question as to the speed of 
running arc-welded string. 

Much interest has naturally centered in the subject of 
joint design. In general the choice is between a butt 
joint and some form of the bell and spigot type of pipe 
joint, and both types are being used. Kane Boiler 
Works, of Galveston, Texas, has been working on this 
problem for over fifteen years, starting with large 
diameter pit casing for water wells and following down 
through the small diameter (5'/:inches) casing used for the 
mile-deep oil wells of the present day. This company 
has patented a bell and spigot type of joint which has an 
inside bevel on the lip of the bell. The claim made for 
this design is that full penetration through the root of the 
weld is obtained on the first bead, which is refined in its 
structure by the second, or sealing, bead. There is, of 
course, no chance for weld metal to protrude into the 
pipe, so high heats can be used, which in turn helps to 
reduce the welding time required. Records of some 200 


strings of casings recently run by this company 
from 5'/ inches to 16 inches in diameter, and ; 


SIZES 


taling 
well over forty miles, show that the time has compared 
very favorably with that of coupled joints, and that the 


casing cost has often been appreciably lowered 
six hundred strings of oil well casing have been ryy ; 
date, averaging some 1600 feet in length. The avyeray, 
length of string is increasing because they are now hin 
ning some strings of over 6500 feet and will very short) 
run some 7500 feet string. Faster work can be dom 
when circumstances warrant the increased cost of equir 
ment and overhead for doubling the number 
made at one time. 

Continued study of the mechanical problems anq 
welding problems involved will undoubtedly lead to y 
duced costs and better welded casings. The amount oj 
welding involved is considerably greater than in the cay 
of overland pipe lines. In 1936 there were over 20 (i) 
oil and gas wells drilled and cased at an average depth oj 
about 4000 feet. Continued drilling activity, taking into 
account the trend toward deeper wells, could easily «& 
velop a welding volume equivalent to 15,000 to 20,00) 
miles of casing pipe annually. 
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Plate Crumples But Welds Hold 


By H. S. CARD* 


HE accompanying photographs are not intended 

to show how a properly welded tank should look, 

but they do show how it will act under certain 
conditions, and by acting that way this tank put its 
welded seams through a severe test. Built by Wyatt 
Metal and Boiler Works, Houston, Texas, for petroleum 
storage, the tank holds 15,000 barrels, measures 55 feet 
in diameter by 35 feet 7 inches high. Plate thicknesses 
used were as follows: 


Bottom angle 3 x 3 x °/i¢ in. 


In the shell of the tank lap joints were used throughout, 
the vertical seams being 100°) welded on both sides, and 


the horizontal seams 100°), welded on the outside and 
seal welded on the inside. 

The crumpling of this shell was not caused by a shower 
of box cars as the picture might indicate. What hap 
pened was that a cold rain fell on it suddenly while it 
was being cleaned out with live steam, causing a vacuun 
which sucked in the plate. The second illustratio: 
shows how it looked after it had been forced back by 
water pressure. Some of the dents had to be pulled out 
mechanically, small pads being welded to the shell t 
give the necessary “hold.”’ The high quality oi th 
welding workmanship is shown by the remarkable report 
that no damage was done to any of the welds, although 
the parent metal split in several places and had to be 
repaired by welding. 


* National Electrical Manufacturers Association, Electric Welding ecto 
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Welded Ships 


By A. F. DAVIS* 


vard of the Great Lakes Engineering Works was the 
second of unique are-welded twin 300-ft. ships 
largest ever built in a Great Lakes shipyard without 
rivets. The three illustrations show, respectively, the 


L: NCHED June 5th at the River Rouge, Michigan 


Fig. \—Ready for Launching Fig. 2—Being Launched Fig. 3—Launched 


ry, The James F. Lincoln Arc Welding Foundation 


vessel ready for launching, Fig. 1; being launched, 
Fig. 2; and launched, Fig. 3. For operation on the 
Great Lakes and through the New York State barge canal 
to Atlantic coast ports, this craft and her sister ship can 
carry 300 tons more cargo than the same size vessel 
riveted. 

The vessel is 300 ft. long, 43 ft. beam and 20 ft. deep. 
The design for arc-welded construction was the work of 
Gielow, Inc., New York City, naval architects and marine 
engineers in conjunction with the shipyard. The vessel 
is transversely framed to comply with the rules of Ameri- 
can Bureau of Shipping. Power will be supplied by two 
eight cylinder, four cycle, six hundred horsepower 
Bessemer Corporation diesel engines driving twin screw 
propellers. 

The use of electric welding in construction permitted 
fabrication of the hull in complete sections in the shop. 
An advantage of electric welded ship construction, this 
method permits fast assembly and considerable economy. 
According to the builder, the total man hours in construc 
tion of a welded hull is less than where riveting is used 

Construction of the vessel has been followed with a 
great deal of interest. 


America’s Cup Defender “Ranger” 
Utilizes New Method of Steel 


Construction 


HE racing yacht “Ranger,” (see Fig. 4), which re- 
cently successfully defended the America’s Cup, 
embodies latest advanced principles of yacht design 
and construction. “‘Ranger’’ was designed by W. Starling 
Burgess, designer of last year's America’s Cup winner 
“Rainbow,” as well as the previous ‘Enterprise.’ Mr. 
Burgess’ father, before him, designed three America’s Cup 
winners. Bath Iron Works, Bath, Maine, builder of many 
America’s Cup boats, built “‘Ranger.’’ She is all-steel 
construction and utilizes shielded arc welding extensively. 
“Ranger” is 135 feet 5'/, inches long over-all, S7 feet 
at the waterline, 21 feet maximum beam and 15 feet 
draft. Her mast, 165 feet long, (seeming to touch the 
clouds in Fig. 5), 22 inches by 14 inches at the base, |] 
inches by 7 inches at the top, will carry between 6000 and 
7000 square feet of main sail. To obtain the strength 
required to withstand the terrific stresses of this tre 
mendous sail area, and to keep weight at a minimum, the 
mast was fabricated of duralumin and the fittings were 
welded by the electric-are process. To counter-balance 
the draw of her mammoth sails, ‘‘Ranger’’ has a lead 
keel weighing 110 tons, heaviest ever used on an America’s 
Cup boat. This tremendous weight is held in place by 
a flat keel plate of arc-welded steel to give the required 
strength without extra weight. The stresses to which 
the mast and keel plate are subjected when the ‘Ranger 
is underway with all sails drawing are terrific. The force 
applied by wind against the huge sails tends to push 
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Fig. 4—"Stepping" the 165-Foot, Duralumin Mast of the America's Cup 
Defender, “Ranger,” Built at Bath fron Works, Bath, Maine, for Harold S. Vanderbilt 


Fig. 5—Painting the ‘‘Ranger's’’ 165-Foot, Duralumin Mast Which Seems to Touch 
the Clouds (Upper Right) 


Fig. 6—"'Ranger's"’ Rudder 13 Feet Long, 4 Feet Wide Built of Arc- Welded Steel 
for Utmost Strength at Least Weight (Lower Right) 
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REPAIRING 


the mast one way. The 110-ton keel, pulled downward 
by gravit. ation, pushes the opposite way. 

‘in addition to mast and keel plate, the ‘‘Ranger’s”’ 
stem, her rudder and stern frame are arc welded for 
greatest strength per pound of weight. The stem is 
fabric ated of three plates, +S feet long, 4'/» inches wide 
and °'s inch thick. Use of electric welding in con- 
struction made it possible to fabricate the stem to con- 
form exactly to the lines of the hull. In previous boats, 
the stem had been cast to an exact pattern. With 
welding it was not only possible to obtain great exact- 


Repairing Casting 
By M. G. MOSSHOLDER* 


HIS casting illustrated is a 20 x 20 inch Steam Cor- 

liss engine cylinder. The piston rod broke at the 

crosshead, and the piston came out at the end of the 
cylinder. The end was broken into eight pieces, and 
the break extended up into the steam port, and down 
into the exhaust port. 

The first step was to weld the eight pieces together. 
Some idea of the size of these welds may be shown by the 
fact that they required an average of one cylinder of 
oxygen each. After the pieces were assembled, the cut- 
ting edges of the steam and exhaust ports were built 
up, so that when they were bored they would be standard 
size. All of the above described welds were made with 
cast iron. 

After all of this was accomplished the one large piece 
was tack-welded to the cylinder, and local preheating 
applied, and the end bronze-welded on, requiring slightly 
over one hundred pounds of bronze. 

On cooling, the cyclinder was refaced, drilled and tapped 


*Oklahoma City Machine Works 


CASTING 


anh 


ness but the structure was considerably lighter yet much 
greater in strength. 

“Ranger's” rudder (see Fig. 6), another part of her 
structure which must resist extreme stresses, is entirely 
weld-fabricated. It is 13 feet in length and 4 feet in 
maximum width. The construction is evident from the 
illustration. It consists of various steel shapes and plate 
cut to conform to designed size and form, then fused 
into a single unit by the electric arc. 

The ‘‘Ranger’s’’ stern frame was fabricated entirely 
from flat steel plates are welded together. 


for studs, counter bore rebored and valve ports cross 
bored. 

This engine was back in service within two weeks, and 
is working its third year resulting in a saving of two 
thirds the cost of a new cylinder, on which delivery could 
not have been made in less than ninety days. 

This is one of over one hundred and fifty steam, gas, 
diesel and compressor cylinders that we have welded and 
put back in service, with 100°; results. 


Jersey Muncipal Stadium 
By HUGH C. CLARK’ 


Welding (gas and arc) has been used extensively on 
the Jersey City Municipal Stadium. 


* City Dev elopment Engineer 


Welding was used on all pipe rails, all window bucks, 
construction of 


miscellaneous structural iron work, 
window guards, and in numerous other instances. 
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New German Bridges 


By Dr. ING. G. SCHAPER# 


Welding 


HE successful results obtained through the adoption 
of welding practice in mechanical engineering, rolling 
stock construction and shipbuilding gave rise to the 

question, some ten years ago, whether technical and 
economic advantages might not also be obtainable by 
this means in bridge work. After exhaustive preliminary 
experiments and theoretical investigation, the first all- 
welded railway bridge was completed in 1930, a structure 
having plate-webbed main girders of 10 m. (32.8 ft.) 
span. The bridge was first incorporated in a track that 
was not under regular traffic and was there subjected 
both to heavy loading by locomotives standing on it and 
crossing it at high speed, and to heavy dynamic stresses 
in rapid sequence produced by a vibrating machine. 
Having shown an excellent performance in these tests 
the bridge was then transferred to a main line carrying 
heavy express traffic. 

The material used for the superstructure of this bridge 
was St 37, and it was welded with bare electrodes. The 


Fig. 1 


* Extracts from paper read at a joint meeting of the Institution of Structural 
Engineers and the Institution of Civil Engineers at the Institution of Civil 
Engineers, Great George Street, London, S. W. 1, on Thursday, March 18, 
1937 

+ Director of the German State Railways 


Fig, 2 


cross girders were connected to the rail bearers, at 
main girders to the cross girders, by means of s 
rough transverse fillet welds, and the curtailed ends 


outer flange plates were treated in the same way; an 


id the 
trong 


OT the 


arrangement which would nowadays be avoided 
principle, because of the notch effect which is strong)) 


detrimental to fatigue resistance. The span has, 


how 


ever, been in service for more than six years, and in this 
period has been crossed by some 230,000 trains, subject 


ing the longitudinal girders and cross girders t 


oO the 


loading of more than one million heavy locomotive axles ti 
addition to more than ten million lighter axles of rolling 
stock. The bridge has nowbeen taken out of service for th 
purpose of detailed investigation. Up to the present n 
defect has been found in it by eye or with the magnifying 


raphy and measurements of electrical flow, and 
tigue experiments, extending to every detail a 
every possible kind of defect. 


glass; it is to be subjected to laboratory tests by radiog 


to Ia 


nd t 


Since this first welded railway bridge was built « 
tensive fatigue tests have been carried out on welded con 


nections and on completely welded girders, and < 


as the 


result of these our knowledge of the correct design ©! 


welded bridge work has been so enlarged that 


evel 


bridges of wide span can now be constructed in this wa! 


with perfect safety. There are, in fact, alread 
welded railway bridges with plate-webbed main gir 


service on the Reichsbahn, the maximum span being - 


\ 
lers 1 


+m 


(177.2 ft.). A further number of bridges of this typ 


have been constructed for the Reichsautob 
(special motor roads) with spans up to 105 m 
ft.). 


In Germany, up to the present, the only welde 


way and roadway bridges have been solid \ 
girders. The use of welding in the construct 
trussed railway bridges is still exposed to challeng: 
question of how to ensure perfect connections 
intersection points, possessing the requisite hig! 


of fatigue resistance, has not yet been cleared 


Trussed bridges for highways can, however, 110" 
be built by means of welding, as in these the c 
tion of fatigue effects is of minor importance. 
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Shrinkage Stresses 

fhe welding of plate web girders entails the develop- 
ment of considerable shrinkage stresses in the longi- 
tudinal seams connecting the flanges to the web, amount- 
to as much as 2000 kg. per sq. cm. (28,500 Ib. per sq. 
_ and many engineers have feared that these high 
stresses in augmentation of the ordinary dead load and 
live load stresses were bound to lead to the early failure 
f the girder. In entertaining these qualms, however, 
they had overlooked the fact that rolled joists likewise 
scquire very heavy residual stresses from the rolling 
process but, nevertheless, carry as heavy loads as girders 
which are free from all internal stress. It has, more- 
ver, been conclusively demonstrated by means of 
numerous tests that welded plate web girders possess 
vreater fatigue resistance than riveted girders. 

Shrinkage stresses, then, are not a source of danger, 
and they play no part in determining the load bearing 
apacity of a girder. One reason for this is that heavily 
stressed parts are surrounded by parts carrying much 
lighter stresses, but a more fundamental reason is that 
the shrinkage stresses from closed systems which are in 
equilibrium on their own account and which are not 


superimposed on the normal dead load and live load 
stresses of the structure. 

In welded portal frames the shrinkage stresses result- 
ing from the welding of the web plates at the corners 
attain values of the order of 2000 to 2600 kg. per sq. cm. 
(28,500 to 37,000 lb. per sq. in.). Figure 1 shows the 
set-up of an experiment in which a full sized corner of 
such a frame was placed in a compression testing ma- 
chine and was loaded to produce stresses of 2500 kg. per 
sq. em. (35,600 Ib. per sq. in.) which had then in fact 
been superimposed on the shrinkage stresses, must in- 
evitably have led to failure before attaining even half 
that value; yet the structure showed not the slightest 
sign of disturbance under these stresses, which were the 
heaviest that could be obtained in the available machine. 
The material in question was St 37. The experiment 
confirms that shrinkage stresses are not dangerous. 

It has further been ascertained by means of fatigue 
tests that joints in the web and flange plates of solid 
webbed girders are most effectively made in the form of 
simple butt welds, double-V, V- or U-shaped in cross 
section. The joints are not improved by the addition of 
cover straps. It is essential, of course, that the seams 
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should be completely free from defects, and that there 
should be no incipient cracks in the successive runs of 
weld metal. The freedom of the butt welds from defects 
must be checked by X-ray photographs. It is best to 
form the butt joints in the flanges at an angle of 45° to 
the longitudinal axis of the girder as they will then pos- 
sess considerably greater fatigue resistance than if ar- 
ranged at right angles. The transitions between the 
butt welds and the parent material should be milled or 
ground to combat the notching effect, as in this way the 
fatigue resistance of the connection is greatly increased. 

It may, then, be taken as proved that shrinkage 
stresses are not a source of danger in the girders them- 
selves. Suitable precautions may, however, be taken 
when making the butt welds in the joints of the longi- 
tudinal girders, cross girders and wind bracings to en- 
sure that such stresses shall be kept down to a minimum. 
With this object in view the procedure followed in as- 
sembling the deck of the bridge is as follows: first, a 
single cross girder is welded to the two main girders at 
the center of the span; then this is welded to the ends of 
the rail bearers in the spaces on either side of it, and the 
far ends of these are welded to the cross girders next in 
order on either side of the center; next, these cross 
girders which have hitherto been loose are welded to the 
main girders, care being taken to stress them in opposi- 
tion to the shrinkage stresses during the process. This 
sequence is repeated, working from the center toward 
both ends of the bridge, until the last cross girder but one 
has been connected near each end. The endmost cross 
girders of all must then be welded into place accurately 
at the points provided for them, and the rail bearers in 
the end spaces are cut accurately to length on the side 
and are finally welded into position (between the last 
cross girder and the last but one) after this has been done. 
If this procedure is followed the shrinkage stresses 
arising in the connecting seams of the rail bearers are 
limited to very small amounts. 


Flanges for Plate Girders 


The types of flange construction used Le welded plate 
webbed girders are represented in Fig. 2, namely: 


An ordinary flat rolled plate receive the web plate, in the 
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welded to the ordinary square 
edge of the web plate. 

An ordinary flat rolled plate 
welded to a double-bevelled 
(V-shaped) edge on the web 
plate. 

A “nosed section” rolled 
with a protrusion, along the 
center line and a groove, to 


middle of the protrusion. 

A “bulged section’ having 
a central triangular protrusion 
which is welded to the web 
plate by two V-seams. 

A special form of T-section 
allowing the connection to the 
web plate to be made by a 
single V-seam. 


Where ordinary flat plates are used it is not possible to 
examine the seams connecting the web to the flange by 
means of X-rays, but using the other kinds of section 
this is readily accomplished. 


Welding Aids 

The simplest and most reliable welding is done with ¢, 
seams in a horizontal position and with the center lit " 
the cross section of the seam vertical. To enah); this 
girder about to be welded is supported betwee: 
webbed circular sheaves fitted with rims whereon it ea) 
be rolled to bring each of the various seams into the 
proper position. Where the flanges consist of ordinan 
flat plates the connecting seams between these and ti, 
web plate are welded with the girder in an inclined po : 
tion. The sheaves may be arranged either to roll for. 
ward and back on horizontal runners laid on the ground 
or, against fixed rollers. On many constructional site: 
it is impossible to make use of any turning mechanisyy 
and vertical or even overhead welds may have to | 


the 


T 
plate 


carried out, such as are usually necessary in the course of 


erecting the decking of the bridge. If skilled and ex 
perienced welders are employed such work can be done 
with entire freedom from defects. 


Advantages of Welding 


The main points that weigh in favor of the adoption 
of welding are as follows: 

(1) Welded structures are considerably lighter than 
riveted because, in the case of members subject to ten 
sion, no addition has to be made to the cross section of 
a member to compensate for its reduction by rivet holes 
and also because members meeting at 90° or at any 
other angle can be connected directly by weld seams 
without the necessity for angle cleats as in riveted work 
As a result welded structures are up to 23 per cent lighter 
in weight than their riveted equivalents. Moreover, it 
is possible for a well equipped and experienced steel fab 
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Fig. 7 


ricating shop to turn out welded structures at a suffi- 
cit ntly low cost per ton to turn the saving in weight into 
an over-all saving in cost, and this despite the greater 
care needed in welded work, the high prices charged for 
‘ood welding rods, and the cost of subjecting important 
seams to X-ray examination. 

2) In the case of road bridges decked with a rein- 
forced concrete roadway slab which is to be supported 
either on the upper flanges of the main girders or on those 
{ intermediate longitudinal girders, or on both, the use 
{ welding enables such support to take the form of direct 
contact. With riveted girders this would be quite out 
of the question as it would prevent the essential provision 
being made for the replacement of loose rivets in service. 

3) There are many instances where frames, portals 
and stanchions to carry heavy loads cannot be con- 
structed at all except by the use of welding. 

{) Apart from the technical and economic advan- 
tages of welding in bridge construction it is to be pre- 
ferred on account of the pleasing appearance obtainable. 
The disposition of surfaces on the main girders of a bridge 
of welded construction is esthetically excellent and the 
appearance is far better than that of a riveted main 
girder. In large riveted girders additional flange plates 
have to be provided above the upper flange and under- 
neath the lower flange, and these, together with the ar- 
rangement of flange joints, produce a stepped elevation 
which is lacking in repose. In the case of welded girders, 
however, butt joints may be used and the additional 
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flange plates where necessary may be placed underneath 
the upper flange and above the lower flange, to that the 
outer surfaces are left perfectly straight. 

(5) In skew bridges it is often desired for architec- 
tural reasons to arrange the cross girders parallel to the 
abutments. By the use of welding the necessary skew 
connections between the cross girders and the main 
girders can be arranged in the simplest manner possible 
whereas with riveted work their design leaves much to be 
desired both technically and z«sthetically. 


Welded Rigid Frames 
Some examples will not be given of plate-webbed rigid 
frame girders. Figure 3 shows such a structure of 18 m. 
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(59.1 ft.) span built over a passenger subway in Duisburg 
station. This subway was constructed in a number of 
sections independently at considerable intervals of time, 
the riveted design shown in the right hand half of the 
illustration being adopted in the earlier work and the 
welded design appearing on the right in the sections built 
later. The welded frames are 26 per cent lighter than 
the riveted. 

Figure 4 indicates the design of a bridge over a street 
all of welded construction and intended to be encased in 
concrete. The side openings are spanned by two 
hinged portal frames which also serve to carry hinges 
for the end bearings of girders over the central opening. 
These hinges are steel castings welded to the web plates 
as illustrated. 

Figure 5 shows the construction of the Reichsautobahn 
viaduct near Kalkberge in the vicinity of Berlin, crossing 
a flat valley, 740 m. (2427.8 ft.) in width, by 13 spans. 
Each of the two carriage-ways is separately supported on 
two plate webbed girders of uniform depth, at 7 m. 
(23.0 ft.) centers, and the spans are respectively four of 
47 m. (154.2 ft.) and nine of 61.2 m. (200.8 ft.). The 
cross girdering is in the form of portal frames, and the 
reinforced concrete decking slab rests directly on this and 
on the main girders. The whole of the superstructure 
is of St 52 and is welded (Fig. 6), with which object the 
flanges of the main girders are in the form of ‘‘bulged 
sections’ (see Fig. 2); site joints in these and in the web 
plates are arranged to occur in approximately the same 
positions, corresponding to the points of inflection, and 
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are plain butt joints without cover straps-—-U seams in 
the case of the flanges and double-V seams in the web 
plates. The flange joints are placed diagonally at 45°. 
The girders were erected on fixed scaffolding and the 
welding had, therefore, to be carried out in a vertical 
position, the procedure at the site being as follows: 

First, five runs of weld metal were deposited in both 
flange joints simultaneously. Then one side of the 
double-V seam forming the web joint was deposited by 
intermittent welding upward and downward from the 
middle, and at the same time welding was continued in 
both the flange joints. As soon as the double-V joint in 
the web plate had been completed on one side, intermit- 
tent welding was carried out in the same way from the 
other side, working upward and downward. The timing 
and sequence of the various welds were so planned as to 
ensure that all three seams should be completed at the 
same time. The main girders were supported on rollers 
while the joints in them were being welded, in order to 
enable them to follow the shrinkage occurring in the 
seams, and the rolling friction was overcome by the use 
of light tackle. 

The piers under the bridge are of concrete faced with 
vellow stone, and in order to obtain an effect of pleasing 
lightness they are pierced by an arched opening under the 
center of each of the carriage-ways. 

Near Duisburg the Reichsautobahn crosses over the 
railway yard where it was not possible to allow inter- 
mediate supports between the tracks, so necessitating a 
single span of 103 m. (337.9 ft.); considerations of head- 
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room, moreover, made it necessary to select a form of 
bridge with the main girders above the level of the road- 
way, and on esthetic grounds the design chosen was one 
consisting of arches stiffened by plate web girders, with 
no obstruction other than vertical tie bars in the spaces 
between the arches and the roadway. The tie bars are 
of circular section and interfere very little with visibility. 
A separate superstructure is provided for each of the two 
carriage-ways of the Reichsautobahn, and the arches on 
either side of these are connected overhead by wind 
lattice bracing transmitting its load to the abutments 
through inclined portal frames. The bridge, which is 
shown in Fig. 7, is of entirely welded construction in 
high-tensile structural steel; the welding of the main 
girders was carried out in revolving supports on the false- 
work. As the roadways over the bridge are on a curve, 
the main girders of each superstructure have been erected 
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Fig. 11 


at different levels and the cross girders built to a slope 
corresponding with that of the reinforced concrete run 
ning surface. Figure 8 shows the construction over the 
end bearings, where the web plate of the stiffening girder 
projects into the space between the walls of the arch and 
is connected to them by cross plates; the wall plates 
the arch are further covered by plates which enclose the 
stiffening girder and are connected to its web by vertical 
strips. The last mentioned plates have openings to allow 
access for welding the inside seams. The appearance 0! 
the bridge is light and open, while at the same tim 
powerful. It is the largest welded bridge in the world 
The Reichsautobahn bridge over the Lech, near 
Augsburg, is very similar to that last described and 1s 
likewise of welded construction, but the span, 93.) m 
(306.7 ft.), is a little less. The Lech bridge differs, how 
ever, from that at Duisburg in the absence of diagonal 
members in the wind bracing, which instead takes the 
form of portal frames having cross members at right 
angles to the center line of the bridge only—an arrange 
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ment which confers an even lighter and more open ap- 
pearance. Figure 9 shows the construction over the 
supports, which again is simpler and more rigid than in 
the Duisburg bridge; the arch is of box section open 
underneath, and develops its thrust against a steel cast- 
ing which fits into the stiffening girder and is welded to 
the web plate of the latter. The wind bracing members 
are of similar but smaller cross section (Fig. 10), con- 
nected by gussets at the top to the upper plate of the 
arch. The suspender bars, of circular section 65 mm. 
» 56 in.) in diameter, are slotted at each end, the lower 
slot being circular to receive a bolt which passes through 
two plates connected to the web plate of the stiffening 
girder, the upper slot rectangular to accommodate two 
wedges of which the lower one bears on a plate car.ied 
between two vertical ribs across the arch. 


The Rugendamm Bridge 


The line of the Riigendamm dyke between the main- 
land and the island of Riigen includes two bridges, 
Jiegelgraben and Strelasund, carrying railway and road 
trafic by separate superstructures but on common sup- 
ports. The railway bridges, but not the road bridges, 
are of welded construction, the reason for welding not 
having been used in the latter being that the fabricating 
firm concerned had not, at the time, sufficient experience 
in the welding of large bridges. 

lhe Ziegelgraben bridge has three openings, the two 
uter ones measuring 52 m. (170.6 ft.) each, being span- 
ued by fixed plate web girders, and the central span of 
“Ym. (95.1 ft.) by plate web girders forming a bascule, 
with counterweights (Fig. 11). The effect of the solid 
webbed construction adopted for the girders, towers and 
counterweight arms is to confer an impression of strength 
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and massiveness combined with simplicity while making 
the function of a bascule bridge clearly apparent to the 
lay observer. 

The Strelasund bridge consists of ten openings, 
amounting in all to 540 m. (1771.6 ft.), situated in a 
portion of the strait of that name. ‘The separate railway 
and highway bridges consist of plate webbed girders each 
of which is continuous over five spans of 54 m. (177.2 ft.). 
There are altogether nine piers, of which the third and 
seventh are built solid up to the underside of the girders, 
and carry fixed bearings, in order to resist braking 
stresses; the remaining piers extend only high enough to 
be above high-water level where they carry hinged 
bearing supporting portal frames on which, in turn, the 
railway and road bridges are borne. Movable bearings 
are fitted over the abutments also, so that the whole of 
the horizontal thrust due to braking effects is taken by 
the braking piers. Expansion joints exist over the cen- 
tral pier and over the abutments. 

Further reference will be made here only to the welded 
railway bridge. One of the two halves of this bridge 
which meet at the expansion joint over the central pier 
was constructed by the firm of Dérnen, in Dortmund, the 
other half by Friedrich Krupp, of Rheinhausen, and 
each firm chose a radically different method of erection 
for their part of the superstructure. 


Fig. 15 


The following was the procedure adopted by the firm 
of Dérnen who were responsible for that half of the 
bridge which abuts on the island of Riigen. The shore 
ends of the main girders were completely fabricated in the 
shops in single pieces 61 m. (200.1 ft.) long; these were 
transported by rail to Stralsund Harbour where they 
were picked up by a floating crane, carried into position, 
and lowered with one end on the abutment and the other 
projecting 7 m. (23.0 ft.) beyond the portal frame stand 
ing on the first pier. The remaining lengths of each 
girder were then brought into place by the same means 
firstly, three successive lengths of 54 m. (177.1 ft.), then 
the closing length (to the middle of the bridge as a whole) 
of 47 m. (154.2 ft.)—connecting the landward end of 
each successive length of girder to the projecting end of 
the girder before, and cantilevering the free end over the 
next pier support (61 + 3 & 54 + 47 = 270 m., the half 
length of the bridge). Special equipment was provided 
for suspending the abutting ends opposite one another 
in the cantilevered position. One of the site joints as 
used by Dornen is illustrated in Fig. 12; the web plate, 
normally 15 mm. (0.59 in.) thick, is made 40 mm. (1.57 
in.) thick over a length of 2.4 m. (7.9 ft.) at the joint, in 
order to reduce the stresses is the “bulged plates” 
(Dérnen system) used for the flanges; there are, there- 
fore, two joints in the web, at this spacing; these joints 
are butt-welded double-V seams. The flange joints, top 
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and bottom, are of the same type, but at an angle of 45°, 
and are midway between the two web joints; they are 
further reinforced by small cover straps 120 K 40 mm. 
(4.72 X 1.57 in.) in cross section affixed to the edges of 
the ‘“‘bulged”’ flange plates, and by cover straps 210 x 
30 mm. (8.26 X 1.18 in.) placed flat against the upper 
surface of the top flange and the under surface of the 
bottom flanges, these reinforcing plates having been 
adopted on account of the heavy dynamic stresses that 
arise under railway traffic. 

The following was the procedure used in welding. 
Firstly, the upper Vs of the double-V seams, in the top 
and bottom flanges simultaneously, were filled with weld- 
metal half-way up the V; then the lower Vs across the 
two flanges simultaneously were likewise half filled, by 
welding in the overhead position. During these opera- 
tions the flanges were kept in contact by turnbuckles 
drawing them together with a force of about 10 tons. 
Next, the remaining joint in the web was welded with 
a double-V seam (the joint at the other end of the 
thickened piece of web plate having already been made 
in the shops). Then the butt joints in the flanges were 
completed, the tension in the turnbuckles being increased 
to 20 tons. Next the fillet welds between the web and 
the flanges were completed across the joint. Finally, 
the edge cover straps and the straps on the outer sur- 
faces of both flanges were welded, working from the 
center outward. The attachment of these vertical and 
horizontal cover straps served to press the two sides of 
the butt joint together, thereby lessening the effect of 
any shrinkage stresses developed in welding the latter. 

The procedure adopted by the other firm, Friedrich 
Krupp, also involved the delivery of the main girders on 
the site in long pieces, but the sections were welded to- 


Fig. 16 


gether in a rotating support erected on the dyke behind 
the abutment of the bridge, and the decking was there 
assembled complete: when this had been done the whole 
bridge was moved bodily, at first a few meters trans- 
versely and then more than 270 m. (S886 ft.) lengthwise 
over the five openings, and finally lowered several meters 
into its final position. 

The type of site joint used in the portion of the bridge 
erected by Krupp is shown in Fig. 13. Here again a 
section of web plate 1.5 m. (4.9 ft.) in length is specially 
introduced at the joint, but like the remainder of the 
web it is only 15 mm. (0.59 in.) thick, its object being to 
enable the butt joints in the web to be welded free from 
shrinkage stresses. These are plain butt joints of V- 
section. Midway between them are the butt joints 1 
the flanges, inclined at an angle of 45°, the latter being 
each composed of one plate of 540 X 46 mm. (21.26 
1.81 in.) and one special Krupp rolling of 400 x 40 mm 
(15.70 X 1.57 in.). The butt joint is a U-seam in each 
of these sections, and horizontal cover straps are pro- 
vided, above and below the butt joint, for the reasons 
already explained. 

The procedure in welding was as follows. The girder 
was placed in a vertical position and, with the joi 
portion of the web plate temporarily omitted, the lower 
half of the U-seam above the top flange, and likewise 
above the bottom flange, was welded. The girder was 
turned through 180° and the roots of these seams run 
over from the back, and the second of the U-seams now 
uppermost, was welded initsturn. The girder was agai" 
turned through 180° and the remaining halves ©! the 
first made welds completed. In order to murimiize 
shrinkage stresses in the U-seams the girder was Sup 
ported on small rollers allowing longitudinal movement. 
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the girder was brought to a horizontal position and 
tion of web plate 1.5 m. (4.9 ft.) long was placed in 
and welded by V-seams to the adjoining web 

i to the special Krupp flange plate; the short piece of 

»late had been slightly dished, and the effect of the 

-age developed in the V-seams connecting it to the 

»late on each side was to flatten it, thus mitigating 

shrinkage stresses that might otherwise have been 
leveloped. After these seams had been welded, V- 
seams were made between the short piece of web plate 
nd the two flanges. The girder was again turned 
through 180° and the roots of the V-seams run over from 
the back. For constructional reasons the horizontal 
cover straps on the flanges could not be affixed until 
after the decking of the bridge had been welded in posi- 
tion, so that the straps underneath had to be welded in 
the overhead position. 

Figure 14 shows the cross section of the bridge with 
one of the welded portal frames on rocker bearings which 
serve as supports. The cross girders are designed in the 
form of rigid frames extending both to the upper and the 
lower flanges of the main girders, and the latter are 5.5 
m. (18.0 ft.) apart, center to center, and 3.8 m. (12.5 ft.) 
in depth. The construction of the portal frames is 
clearly apparent; the cross member is at the middle 
height of the stanchions, to which it isconnected by gussets. 
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World's Largest Rotary 
Lime Kiln 


By A. F. DAVIS* 


HOWN in the accompanying illustration is what is 

believed to be the world’s largest rotary lime kiln 

recently completed at the Chemical Lime Company 
in Bellefonte, Pa. The kiln was manufactured by the 
lraylor Engineering and Manufacturing Company, 
Allentown, Pa., and is entirely electric welded. 


| Secretary, The James F. Lincoln Arc Welding Foundation 


The longitudinal section, Fig. 15, will serve to indicate 
how the longitudinal rail bearers are connected to the 
cross girders by means of cantilever members welded 
underneath the ends of the former and reaching to the 
lower flanges of the latter. The end of each rail bearer 
is connected to the next by a cover strap over the top of 
the intervening cross girder. 

Naturally some difficulties arose in the course of weld 
ing the site joints on a bridge of this magnitude, but all 
of them were successfully overcome. X-ray examination 
of the seams played an exceptionally important part in 
ensuring this, and provides a method with which no re 
sponsible engineer concerned with heavy butt welds can 
afford to dispense. 

Another example of a large welded structure is pro 
vided by the bridge which serves to carry frequent pas 
senger traffic over the goods station at Altoona. The 
passenger line is on a curve of 350 m. (1148 ft.) radius 
and most of the supports for the bridge are single col- 
umn frames on rocker bearings; some doubt was at first 
entertained whether these should be of riveted or of 
welded construction, but closer investigation showed that 
the former would be very difficult to carry out and that 
the welded design, appearing on the left of Fig. 16, would 
be far easier. 


The kiln is 400 feet in length, consisting of a 300-foot 
zone, a 10-foot tapered zone, and a 90-foot preheating 
zone. Diameter of the pipe through the 300-foot zone 
is 8 feet 6 inches and 7 feet through the preheating zone. 
The kiln has a capacity of 200 tons of lime per day. The 
revolving load of the kiln is 1000 tons whenempty. This 
includes 568 tons of fire brick. Temperature of operation 
varies between 400 degrees at one end and 2100 degrees at 
the other. The rate of rotation is one revolution per 
minute. The kiln is driven by a 60 horsepower electric 
motor, driving through a gear reduction. The unit is 
also adapted for drive by a 110 horsepower gasoline 
which may be engaged by a clutch arrangement in case of 
electrical power failure. 

This huge kiln is fabricated of 7/s-inch steel plate 
throughout except under the tires where the thickness is 
one inch. There are a total of 21 arc-welded sections in 
the kiln. 
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Some Factors to Be Considered in the 


Choice of a Welding Process 


By LOUIS J. LARSON# 


process to be used for any given job but the domi- 
nating one is the cost of obtaining the required re- 
This does not mean that the cheapest welding proc- 
ess will always be used. The process chosen must first of 
all be capable of making the required weld and the weld 
obtained must serve the purpose for which it is intended. 
When welding is used for making a repair the choice of 
process is further limited by the welding equipment avail- 
If the work cannot be moved, the ease or conve- 
nience of moving the welding equipment to the work may 
determine which process is used. Even for making re- 
pairs the over-all cost, including the cost of materials and 
any equipment which must be purchased, the expense of 
moving the equipment to the work or of moving the work 
to the equipment, and the loss due to shut-down of the 
structure or machine being repaired, is an important fac- 
tor in choosing the process to be used. In the manufac- 
ture of new products cost must obviously be given careful 
Cost in this case includes not only the 
expense of the actual welding operation, such as labor, 
material and power but also maintenance and deprecia- 
tion of equipment. 

Welding processes differ greatly in their inherent char- 
acteristics and each has some advantages and some dis- 
advantages. A summary of the various processes will 
indicate some of the possibilities and limitations of each. 
Welding may be divided into two general classes: (1) 
those processes in which the material is heated to the 
plastic state and the actual weld is accomplished by 
means of pressure; (2) the processes in which the metal 
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Fig. 1—Seam Welding Head to Shell of Beer Barrel 


* From a paper presented before Kansas City Section of American Welding 


Society, May 17, 1937 


+ A. O. Smith Corporation. 


Fig. 2—Double Shell Type of Beer Barrel 


is heated to the molten state and no pressure is applied. 
In the first group the heating may be accomplished by 
any suitable means such as fire, electrical resistance or 
electrical induction. The pressure may be applied inter 
mittently by hammer blows or continuously by a press 


Pressure Welding Processes 
Fire and Pressure 


The first combination, namely, fire and hammer blows 
is exemplified by the old fashioned blacksmith weld. In 
this process the pieces to be welded are beveled o: scarfed, 
heated in a forge fire to the proper temperature for weld. 
ing, then placed together and hammered to produce the 
weld. This method was developed to its highest degre 
in the manufacture of large hammer welded vessels. 1" 
the fabrication of such vessels plates were formed into cyl- 
inders and the longitudinal seams heated to welding te™ 
perature and hammered with large forging hammers. 
Circular seams joining the ring sections or a ring secuo” 
and a head were welded together in the same manner. 
Vessels several feet in diameter were made in tls man 
ner, of materials up to 1-'/2 in. or even more in thickness. 
In the manufacture of lap welded pipe the process W® 
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Fig. 3—Spot Welded Lined Plate for Pressure Vessel 


basically the same but the hammering was replaced by 
pressure produced by rolls passing along the length of the 
seam. This process in all its modifications is limited to 
materials which are easily weldable such as mild steel and 
wrought iron, and even on these materials the strength of 
the weld depends toa great extent on the skill of the opera- 
tor. It is difficult, particularly on the thicker sections, 
to prevent the inclusion of slag or scale which results in 
unfused areas in the joint. Visual inspection of the fin- 
ished weld does not furnish conclusive evidence as to 
whether or not the weld is sound. The outer surfaces 
may be fused so as to give the appearance of a perfect 
weld even though the center is unfused. As a manu- 
facturing process this method has been largely replaced 
by others which were developed later. 


Electric Heat and Pressure 


In this group of processes, which includes resistance 
butt welding, spot welding and seam welding, the heat is 
produced by resistance in an electrical circuit. The 
source of power is generally an A.C. transformer since 
high current values at low voltages are required. 

The resistance butt weld is used to join two pieces of 
substantially the same cross section in the plane of the 
weld such as pipe and other shapes which can be formed 
to meet alone one line or formed in haives so as to butt 
along two lines. The parts to be welded are formed and 
the welding edges are trimmed or machined so that when 
the twe ) parts are assembled there is good contact along 
the entire seam to be welded. The parts are placed in 
dies or fixtures which hold them in position and also 
force the two pieces together with considerable pressure. 
An electric current of suitable amperage is passed across 
the joint between the two pieces which develops a large 
amount of heat at the contact surfaces between the parts 
to be welded, dueto the high resistance at this point. 
the current is allowed to flow for a sufficient length of 
time to bring this contact surface up to the welding tem- 
perature and the high pressure produces the weld. One 
of the draw backs of the resistance butt weld is the diffi- 
— of obtaining uniform heating along the seam. If 
= ag is not uniform more current passes through 
haben, av ing good contact resulting in overheating 

as compared to those which have little or no con- 
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tact. As a result of the unequal heating, welds of this 
type are likely to be non-uniform, and defective welds are 
not revealed by visual inspection of the finished article. 
The process requires heavy, rigid, mechanical equipment 
and electrical equipment of high current capacity. The 
expense of sueh equipment is prohibitive except for quan- 
tity production involving many pieces of one kind. Asa 
method of manufacture the process has been quite gener 
ally superseded by others which produce more uniform 
results. 

A variation of the regular resistance butt-welding proc 
ess is known as percussion welding. In this process, the 
current is furnished by a discharge from a condenser and 
the pressure is applied by striking together the two pieces 
to be welded. The timing is automatic since it is gov- 
erned by the length of time required to discharge the con- 
denser and the amount of current is governed by the capa- 
city of the condenser. This process is said to be particu- 
larly useful for welding dissimilar materials, but is limited 
to relatively small welds. The resistance spot weld is a 
convenient method of making lap joints between plates 
or pieces having flat areas. These welds act in the same 
manner as rivets but they eliminate the necessity of pierc- 
ing rivet holes. Furthermore, since there are no holes, 
there is no decrease in the tensile strength of the members 
along the line of welds. The pieces to be welded are lo- 
cated in the proper position relative to one another and 
placed between two opposing electrodes of a spot welding 
machine. By mechanical means one electrode is moved 
toward the other and this operation clamps or presses the 
two pieces of material into contact at the area to be welded. 
The current passes from one electrode through the two 
pieces of material into the other electrode. With a cur 
rent of sufficient amperage a welding heat is quickly pro- 
duced at the contact between the two pieces of material. 
The size and shape of the electrodes and the material 
from which the electrodes are made are very important 
factors in the success of the spot welding operation. The 
electrode material must have a high electrical and ther- 
mal conductivity to prevent the electrodes from sticking 
or welding into the work and must be hard enough to pre- 
vent upsetting or mushrooming under the pressures re 
quired to force the two pieces of the work together. For 
successful spot welding at least one of the pieces must be 
thin enough so that the pressure of the electrodes is suffi- 
cient to produce proper contact at the area to be welded. 

To increase production and thus reduce cost, attempts 


Fig. 4—Knee-Action Housing for Automobile 
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have been made to make more than one spot at a time. 
When several electrodes are connected to one transformer 
resulting in two or more electrical circuits in parallel, it is 
very difficult to obtain equal distribution of current 
through the several spots because of the variation in con- 
ditions at the contact areas. Projection welding over- 
comes this difficulty to some extent. For this process 
projections are formed on the surface of one of the pieces 
to be welded, preferably the heavier of the two at the 
points to be welded. When the other piece is placed in 
position and the current passed from one electrode to the 
other, it must pass through these projections because 
they are the only points of contact. For making projec- 
tion welds it is generally possible to use electrodes in the 
form of flat blocks which are much cheaper to maintain 
than the usual electrode type. 

Although in most applications of spot welding the elec- 
trodes are located on opposite sides of the work, there 
are some applications for which this arrangement is diffi- 
cult and impractical. This is particularly true when the 
pieces to be welded are large and the spots are far from 
the edge. In such cases both electrodes may be placed 
on the same side of the work. When a thin sheet is to be 
welded onto a heavy piece both electrodes are located on 
the thin piece and the current flows from one electrode 
through the thin sheet into the heavy piece and back 
through the thin sheet to the other electrode, the path of 
the current being similar to a U. 

When it is desired to make a leak proof joint between 
the two pieces of thin material a seam weld is often used. 
This is nothing more than a series of overlapping spots. 
For making such a weld, the electrodes are generally 
wheels or disks which roll along the seam to be welded. 
The current is switched on and off at regular intervals of 
the desired length. Accurate timing of the current is 
very essential because the welding time must be very 
short, usually only a few cycles of 60 cycle current. 
Mechanical timers are not the most suitable for this work, 
but electrical timers are available which accurately con- 
trol the time to any given number of cycles, sometimes as 
low as one cycle. 

As a source of heat it has been proposed to use the in- 
ductive effect of high frequency A.C. current. This 
method has been demonstrated as being successful in heat- 


ig. 5—Pipe After Crush Test. Result of Crush Test on Smithweld Gas Line Pipe. 
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Fig. 6—Making Bell Hole Weld on Pipe in Field 


ing materials to a high temperature and is used for loca! 
surface hardening, but, so far, there have been no practi 
cal applications of welding by this process. This method 
of heating requires special and expensive generating equip- 
ment, and for that reason, may not prove to be economi- 
cal. Under proper conditions it should have some advan- 
tages over the ordinary resistance butt weld since the 
heating will be more nearly uniform along the length of 
the seam and will also be independent of the degree of con 
tact at various points. After the material is heated to 
welding temperature the procedure is similar to that used 
in resistance butt welding. 


Flash Welding 


In the method known as flash welding the set-up is simi 
lar to that used for resistance butt welding. The parts 
to be welded are brought into contact but no pressure is 
applied. As soon as the contact is formed a very high 
current passes through the original contact areas and lit- 
erally explodes the metal out from between the two pieces 
at these points. In observing the flash welding operation 
it appears that the action is continuous all along the seam, 
but high speed motion pictures show that a series of ares 
of very short duration are formed at various points along 
the seam.' These arcs are of such short duration and the 
point of arcing changes so rapidly that it gives the appear- 
ance of a continuous are. This arcing or flashing as it is 
called heats the metal adjacent to the joint. After a sul 
ficient amount of metal has been melted or burned awa) 
to heat the edges up to a welding heat, the pieces are 
forced together under high pressure and the current ts cul 
off. This high pressure squeezes out the oxides and slag 
as well as any molten metal. At the seam thie material 
which is squeezed out forms a ridge or flash on each side 
of the joint. The quality of the welds produced by this 
process is excellent and is not dependent upon a perfect 
contact between the two pieces being welded since tue 
flashing operation quickly removes the high spots. Phis 
self-corrective feature is one of the important difference 
between this process and resistance butt welding. 

Flash welding may be applied to a large variety 0! pro’ 
ucts. Longitudinal and circular seams in tubular proe 
ucts and irregular seams such as joints in automobile 
bodies are typical examples. Material rangi'g in thick- 
ness from a few hundredths of an inch to several — 
can be welded with proper equipment. The upper [ymntt 


1W. E. Crawford and Walther Richter, “High-Speed Mot 
Flash Welding,” Tue Journat, 15, 12 (1936) 
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Fig. 7—Arc-Welded Machine Tool Base 


is a question of cross-sectional area rather than thickness 
of stock and is determined by the capacity of the welding 
machine. Plate material having a cross section of as 
much as 200 sq. in. has been welded. The time required 
to make a flash weld is independent of the length of seam 
and is a matter of seconds. Although this process has 
been used most extensively for welding mild steel it can 
be used for other ferrous alloys and probably for some non- 
ferrous materials. 

Flash welding has many advantages but for some ap- 
plications it may not be economical even when the parts 
are such that the process can be used. It requires heavy 
and expensive equipment from both the mechanical and 
electrical standpoint. The dies and contacts required to 
hold the pieces in alignment and to conduct the current 
into the work are costly and require considerable main- 
tenance; and these dies can be used only for pieces of the 
same shape. Consequently the process cannot be justi- 
fied except for manufacturing a large number of similar 
pieces. After welding it is generally necessary to remove 
the flash and this operation may take several times as long 
as the welding operation, and actually cost more than 
welding. All of these factors must be considered since 
they are part of the total cost of welding. 


Fusion Welding Processes 


_In the fusion welding processes the metal which joins 
the two parts is heated above the melting temperature. 
Che required heat may be produced by a chemical reac- 
tion as in Thermit process, by combustion of gases as in 
gas welding or by an electric arc in the arc welding 


processes, 


hermit Process 


When a properly proportioned mixture of aluminum 
powder and iron oxide is ignited a chemical reaction takes 
place and the aluminum reacts with the oxygen from the 
iron oxide to produce pure iron anda slag of aluminum Ox- 
ide. I his reaction takes place rapidly with the liberation 
of sufficient heat to melt the iron and the slag. This mol- 
ee is poured into a mold which has previously been 
a oo map the parts to be welded. Although the weld 
1s very pure and of high quality compared 
ts tine te Casting, and it is possible to further improve 
ae ag wn by adding any desired alloys. The process 
ss veCause of the necessity of making the mold and 

use the materials required for the Thermit reaction 


are expensive. Thermit welding has had its greatest ap- 
plication in repairing frames of heavy machinery and loco- 
motives. Recently the method has been used in welding 
the joints of railroad rails on experimental sections of 
track.2 In this application the process used is a combina- 
tion of Thermit and resistance butt welding. The ends 
of the rail heads are machined square and the portion of 
the rail below the head is cut out, leaving a groove about 
'/, in. wide for the Thermit weld. Enough molten iron 
is poured into the mold to fill it up to the lower side of 
the head of the rail. This molten metal as well as the 
molten slag heats the heads of the rails up to the welding 
temperature and the actual weld in the head is then ac- 
complished by forcing the rails ends together with a 
screw clamp which is attached to the rails on either side 
of the joint. This results in a continuous rail head of a 
uniform composition which wears evenly. From several 
sections of test track, some of them up to two miles long, 
it has been found that welded rails do not give the antici- 
pated trouble due to expansion in hot weather. Having 
the rails welded instead of connected by the usual type of 
rail joint reduces maintenance, increases riding comfort 
and eliminates considerable traffic noise. From the in- 
dications so far it appears that this method may be quite 
extensively used on rails in the future. 


Gas Welding 


In the various gas welding processes metal is heated by 
the combustion of some kind of gas with oxygen. Acety- 
lene is most frequently used, although for certain purposes 
hydrogen is quite satisfactory, and, for welding some ja- 
terials such as aluminum, the oxyhydrogen process is 
more satisfactory than oxyacetylene. The oxyacety- 
lene flame is the hottest flame obtainable by combustion 
of the common gases, its temperature being around 3500° 
F. Gas welding is suitable for butt joints, fillet welds or 
corner welds and it may be used for welding in any posi- 


Fig. 8—Arc-Welded Pressure Vessel 


J. H. Deppeler, ‘““Thermit Welding,’ Tue Journat, 15, 2 (1936) 
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tion), that, is horizontal, vertical or overhead. In mak- 
ing butt joints in thin materials it is sometimes sufficient 
to melt the sheets adjacent to the joint and allow them to 
fuse together without adding any metal. Butt joints in 
thin material are also sometimes made by turning up the 
edge of one or both of the plates adjacent to the seam and 
melting this material into the joint for filler metal. On 
heavier material a filler rod of about the same composi- 
tion as the base material is added, in order to build up the 
weld to the required thickness. Oxyactylene welding 
may be used on most ferrous alloys and many non-ferrous 
alloys. For welding mild steel no flux is necessary, but on 
such materials such as stainless steel and aluminum, spe- 
cial fluxes are required. The gas welding process has the 
advantage that the heat is under good control. The 
size of flame may be controlled, first by the size of weld- 
ing tip used and second by the gas pressure. The opera- 
tor can further control the heat by the rate of travel and 
by the position of the torch. For welding light gages 
this accurate control of the amount of heat is very essen- 
tial. On heavy materials the process has the disadvan- 
tage that the heating is not rapid enough and, as a con- 
sequence, the metal being welded conducts too much heat 
away from the joint which results in slowing up the weld- 
ing process and also in overheating and often warping of 
the structure. The process is very flexible, and it may be 
used in out of the way places, the only equipment neces- 
sary being the tanks of oxygen and acetylene with suit- 
able gages, hoses and welding torches. These can easily 
be transported to any place that may be desired. The 
process has been used quite extensively in welding oil and 
gas pipe lines in the field, and it is also being used in 
welding steam piping and plumbing in new buildings. In 
the manufacture of new products its use is generally lim- 
ited to relatively light gages of material. 


Atomic Hydrogen 


This is not strictly a gas welding process, but, in many 
respects, it is very similar to oxyacetylene welding. In 
the atomic hydrogen process the heat is obtained from an 
are struck between two tungsten electrodes which make 
an angle of about 45° with each other. The welding 
head is so made that a sleeve of hydrogen gas surrounds 
each of the electrodes. When the arc is struck between 
the electrodes the hydrogen flowing through the arc is 
converted from molecular to atomic hydrogen. This 
transformation absorbs a large amount of beat. As the 
hydrogen moves away from the arc it again goes back to 
the molecular state giving up this same amount of heat. 
The fan-shaped flame which forms between the tungsten 
electrodes is used in the same manner as the ordinary gas 
welding flame. The atomic hydrogen process is quite 
expensive especially for heavier work because of the cost 
of the hydrogen and the tungsten electrodes used. For 
certain purposes, however, the process has a number of 
definite advantages. The hydrogen not only acts as a 
carrier for the heat energy but also furnishes complete 
protection against oxidation and, as a result, it is possible 
to deposit, without any serious change of composition, 
many alloys which are readily oxidized in the air. Its 
use for welding mild steel is rather limited because other 
processes are generally cheaper. 


Arc Welding 


Are welding may be divided into two classes, carbon 
are welding and metallic arc welding. In carbon arc 
welding an electrode consisting of a carbon or graphite rod 
is connected to the negative terminal of a D.C. generator, 
and the work is connected to the other terminal. The heat 
for melting the metal is produced by an arc formed be- 
tween the carbon rod and the work. The temperature 


Fig. 9—Arc-Welded Pressure Vessel of 2'/2% Ni Steel 


of the carbon is very high, being estimated as high as 
11,000° F. With this process, using automatic equip- 
ment, it is possible to penetrate */s of an inch of steel and 
by welding from both sides it is possible to completely 
penetrate a */,-in. plate without a groove or scarf. A 
heavy layer of special flux is used to cover the weld bead 
when welds of the best quality are required. Filler metal 
must be added to build the bead up to a required dimen- 
sion. The process is particularly convenient in welding 
material */,in. or less in thickness when advantage can be 
taken of the fact that no scarfing of the edges is necessary 
It is also rapid and convenient in making corner welds 
and edge welds. 


Metallic Arc Welding 


In the metallic arc welding process a metal wire or rod 
is used as the electrode. When the rod is touched onto 
the work and then withdrawn slightly an arc is formed be 
tween the electrode and the work which fuses the rod and 
melts a crater or depression in the work. The metal 
from the electrode unites with the fused metal of the work 
thus forming a molton pool. The electrodes used in 
metallic are welding may be bare, lightly coated or hea 
ily covered. The properties of weld metal obtained with 
the use of bare electrodes differs so much from these welds 
made with covered electrodes that bare wire welding and 
covered electrode welding may be considered as two pro 
cesses. Which process is chosen for a given application 
depends upon the quality of weld metal required. Tests 
for quality include metallurgical examitiations, chemical 
analysis and physical tests.* 

The results of the physical tests and metallographic ex 
aminations on bare wire weld metal and weld metal mad 
with covered electrodes show that the bare wire welds 1 
this material may have reasonably good strength but re 
sults become erratic on heavy material and the ductilit 
and impact values are very low, whereas welds made wit 
covered electrodes in any thickness of plate show phys! 
cal properties substantially equal to or in excess of those 
of mild steel. rs 

Bare wire welding may be used in thinner materia 
when the ductility and toughness of the weld metal are 
not important. Bare electrodes are cheaper than covert? 
electrodes but the saving in electrode cost is oftem mor 
than offset by the increased cost of labor when manua’ 
welding is done. Bare wire lends itself more readily than 
covered electrodes to the use of automatic welding heaes 
With covered electrodes high quality weld metal can be 


3 For a discussion of the qualities of bare wire weld metal and o! Greidies 
with covered electrodes see L. J. Larson, ‘‘An Exploration of a Mor 0 bee 4 
Arc,” Tus JourNnat, 15, 18 (1936). For a more 


metallurgical study see S. L. Hoyt, ‘Studies on the Metallures 
S. M., 23, 61 (1935). 
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obtained in any thickness of plates commercially avail- 


able. This method is also suitable for welding most alloy 
steels which are not too air hardening and for welding 
many non-ferrous materials. 
Examples of Various Welding Processes 
[he following examples indicate the application of 


various welding processes in the manufacture of new prod- 
ucts 

Figure | shows a seam welding machine making a joint 
between the head and shell of a barrel. 

In fabricating the barrel shown in Fig. 2, four weld- 
ing processes were used. The arc welds joining the bung 
and the tap to the shells and also joining the two halves 
of the inner and the outer shell are clearly visible at a. 
Seam welds, 6, attach the supporting ring to the inner 
and outer shells. Leak proof joints were required at 
these points. The longitudinal seams of each half of the 
outer shell were flash welded and the ring between the 
shells at the girth joint was spot welded to one-half of the 
outer shell. Neither the flash welds nor the spot welds 
are visible in the photograph. 

Figure 3 shows an unique application of spot welding. 
A stainless steel liner about '/s in. thick was welded on 
one-inch centers to a heavy carbon steel plate. This 
lined carbon steel plate was then rolled into a cylinder to 
form a section of a pressure vessel. 

Figure 4 shows two flash-welded joints and one arc- 
welded joint in a knee-action housing for an automobile. 


The piece of pipe shown in Fig. 5 was made from a 
sheet of steel formed into a cylinder and metallic are 
welded along a longitudinal joint. After the severe 
deformation produced by a crush-test, the are weld 
shows no cracks or evidence of failure. 

In making a tie-in or bell-hole weld on a pipe line that 
cannot be rotated, it is necessary to weld in all posi 
tions from horizontal to overhead as is shown in Fig 
6. The portable field welding set for metallic arc weld 
ing this joint is visible in the background. 

Frames and bases for machines such as shown in Fig. 
7 may often be made from rolled plates welded with the 
metallic are. 

The application of metallic are welding in the manu 
facturing of pressure vessels is shown in Fig. 8. The 
longitudinal and circular seams are butt welds. Fillet 
welds around the reinforcing collars and plug welds 
through these collars attach them to the shell sections. 

Figure 9 shows an arc-welded vessel of about 2 '/.% 
nickel steel. With covered electrodes this material and 
many of the other alloy steels can be successfully welded. 

These examples indicate a few applications of some of 
the welding processes. As has been shown, several proc- 
esses may be used in the manufacturing of a single prod 
uct. In the last analysis the welding process chosen 
should be the one which is most economical when proper 
consideration is given to cost of all factors such as labor, 
material, power and the welding equipment, including 
maintenance, chargeable to the job. 


Gargantuan “Tomato” Huge All-Welded Gasoline 
Storage Tank 


By R. B. REID* 


Sinclair Refining Company, East Chicago, Indi- 

ana, has completed the construction of the first of 
several new type gasoline storage tanks. Built in the 
shape of a huge steel “tomato,” this tank is completely 
labricated by arc welding. An idea of the amount of 
welding involved can be gained from the fact that the 
tank is 92 feet in diameter and 47 feet, six inches high, 
= a capacity of 40,000 barrels of casing-head gaso- 
une, 

One of the most important considerations in determin- 
ing the shape of the new tank, as well as the method of 
labrication, was the fact that the structure, when com- 
pleted, would be subjected to a working pressure of 15 
pounds per square inch. Unless high pressure is main- 
tained within the storage tank, the gasoline will boil out. 
Chis type of tank was chosen because it permits the use 
ol much greater internal pressures than the conventional 
‘ype tank will withstand. Upon completion, the new 
tank was tested with a pressure of 17 pounds per square 
inch and only one leak was discovered. This was easily 


A PART of an extensive modernization program, the 


News Bureau, General Electric Co. 


repaired and the company states that it is completely 
satisfied with the arc-welding method for the construc 
tion of tanks of this type. 


Gasoline Storage Tank Being Arc Welded. Part of Modernization Program 
Being Conducted by the Sinclair Refining Co. 


} 
Der 
4 
q 
_ 
i 
~ 
f 
{ 
3 
ER 
if 
q 
oo 
a 
~ 
4 | 
4 
“2% ‘ 
? 


Building with WWelding 


Welded structures, tanks, bridges and buildings are no longer a novelty. 
A milestone of progress was passed in the adoption by New York City of a new 
Building Code which permits the use of welding. Years of research and development, 
sound engineering designs and years of experience were forerunners of the acceptance 
of welding by the largest city in the world. 


Welding makes possible a lighter, stiffer and more compact joint. The same degree of strength 

may at times be obtained with savings in cost. Typical examples of the latter are wind and earth- 

quake bracing, girders and trusses. In crowded cities elimination of noise is a determining feature 

and it is reasonable to expect that the public, aided by noise abatement groups and health bodies, 
will in time demand ordinances making the use of welding mandatory. 

In its program of advancing the use of steel, the steel industry is willing to take its own medicine. 

Welded steel equipment and welding in maintenance are now the accepted methods. 

In this new acceptance of welding there is a challenge which the industry and the Society ac- 

cept. To meet this challenge of responsibility there will be stringent code requirements 

of materials, design and workmanship. Education, training and research go hand 


in hand. 
The signal is to go ahead but the industry will see to it that the speed around the 
curves of new developments will not be too great and that the brakes are 
in good working order. 
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English Plant, H. M. Henderson. Steel (July 12, 1937), vol. 
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tion and welding described. 

Cars, Passenger. Welded Steel in High-Speed Railroad Service, 
E.Chapman. Mech. Eng. (June 1937), vol. 59, no. 6, pp. 409-412. 
Uniform stress distribution must be attained; undiscovered cracks 
are a great hazard of manufacture; far reachinge ffects of thermal 
expansion and contraction; two dimensional effects of thermal 


stresses. Before Am. Soc. Mech. Engrs. 
Castings. Detecting Faults in Castings and Welds. Mech. 
World (July 9, 1937), vol. 102, no. 2636, pp. 27 and 30. While 


X-rays give positive indication of existence of flaws, there are other 
methods which, while not so positive, can give good results under 
suitable conditions; three of these, two electrical methods, and one 
employing sound waves, are described. 

Crankshafts. Chrome-Vanadium Crankshaft Repair, J. Ryan. 
Industry & Welding (May 1937), vol. 10, no. 5, pp. 30-31. 

Electric Welding, Arc. Arc Welding in 1936. Welding Indus- 
try (Feb. 1937), vol. 5, no. 1, pp. 12-14. Various achievements 
obtained in electric arc welding industry during 1936. 

Electric Welding, Arc. Inspection of Welding, N. Dobson. 
Sheet Metal Industries (June 1937), vol. 11, no. 122, pp. 565-570. 

Electric Welding Machines. Interrupted Spot Welding Uses 
Electron Tube Control, R. S. Pelton. Metal Progress (July 
1937), vol. 32, no. 1, pp. 59-62. 


Electric Welding Machines. British Industries Fair. Welding 
Industry (Feb. 1937), vol. 5, no. 1, pp. 15-20. 
Electric Welding Machines. Arc Welding Rectifier. Engineer 


(Mar. 26, 1937), vol. 163, no. 4237, p. 362. 

Electric Welding, Resistance. Application of Electric Resist- 
ance Welding to Non-Ferrous Metals. Machy (Lond.), vol. 50, 
no. 1285 (May 27, 1937), pp. 257-259. Spot welding and pressure 
welding operations discussed; difficulties experienced with alumi- 
num and magnesium; welding machines. 

Electric Welding, Resistance. Methods Used in Making In- 
visible Spot Welds, H. W. Roth. Steel (July 12, 1937), vol. 101, 
no. 2, pp. 44-48. 

Floors. All-Welded Intermediate Floor for Heavy Workshop 
Load. Engineering (Apr. 2, 1937), vol. 143, no. 3716, pp. 369- 
370 and 378. 

Motor Truck Manufacture. Flexible Welder Facilitates Truck 
Fabrication. Iron Age (May 20, 1937), vol. 139, no. 20, pp. 45- 
47. 

Oxyacetylene Welding. New Oxyacetylene Butt Welding, C. 
G. Bainbridge. Welding Industry (Feb. 1937), vol. 5, no. 1, pp. 
8-11. 

Oxyacetylene Welding. Technical Aspects of Oxyacetylene 
Welding. Engineer (Apr. 2, 1937), vol. 163, no. 4238, p. 395. 

Oxyacetylene Welding. pers 9 Stainless Steel. Sheet Metal 


Worker (May 1937), vol. 28, no. 5, pp. 39-41. 
Petroleum Cracking Plants. ‘Steel for Pressure Vessels in 
Hydrogenation Plant, C. Berthelot. Metallurgist (Supp. to 


Engineer) (Apr. 30, 1937), pp. 22-23. 

Pipe Lines. X-Ray Inspection of Field Welded Pressure Piping, 
H. R. Isenburger. Heating, Piping & Air Conditioning (June 
1937), vol. 9, no. 6, p. 369. 

Pipe, Steel. Welded Pipe Work and Specials. Welding Indus- 
try (Feb. 1937), vol. 5, no. 1, pp. 3-7 and 11. Discussion of 
methods and parts as manufactured by welding at British and 
Clyde Works of Stewarts and Lloyds, Ltd. 

Railroad Maintenance of Way. Permanent Way Welding. 
Ry. Gaz. (Int. Ry. Congress Supp.) (May 21, 1937), pp. 17-18. 

Railroad Tracks. Report of Committee V—Track. Am. R 
Eng. Assn.—Bul. (Jan. 1937), vol. 38, no. 393, pp. 475-512, supp. 
sheets. Design of railbound frog castings; fastenings for continu- 
ous welding of rail; Welding Rails Together in Track, F. R. Layng; 
plans for switches, frogs, crossings, slip switches, etc., and track 
construction in paved streets; plates for RE rail sections; limiting 
relative positions of abutting rails of fixed and drawspans of bridges 
and proper tolerances; revised designs for cut track spikes. 

Railroad Tracks. Welding Special Trackwork—How Burling- 


ber 


ton Does It, S. E. Tracy. Ry. 
1937), vol. 33, no. 8, pp. 543-545. 

Shipbuilding. Electric Welding Installation and Org: anization 
in Shipyards, W. L. Faerman. Engineer (Apr. 9, 1937), vol. jg 
no. 4239, pp. 428-431. 

Shipbuilding. Cargo Capacity Increased by Welding Ship 
bldg. & Shipg. Rec. (June 10, 1937), vol. 49, no. 23, pp. 717-729 

Steel Plates. Dete “- EK of Residual Strains and Stresses in 
Arc-Welded Plates, H. E. L. Martin. North East Coas Instn, 
Engrs & Shipbldrs.— ac (May-June 1937), vol. 53, pt. 7, pp 
255-281, supp. sheets. 

Steels for Welding, A. 
1937), vol. 21, no. 5, p. 192. 

Sugar Factories. W elding and Hard-Facing in Factory Maint, 
nance. Facts About Sugar. (May 1937), vol. 32, no. 5, pp. 174 
177. 

Trailers Fabricated by Advanced Method. 
Industries (Aug. 7, 1937), vol. 77, no. 6, p. 188. 

Tubes. Flexible Tubing from Strip. Iron Age (May | 
1937), vol. 139, no. 19, pp. 60-61. Method developed by Chicago 
Tubing and Braiding Co., Maywood, Ill. of producing flexible ty 
ing from monel, bronze or steel strip by means of autogenous 
welding. 

Tugboats. Diesel Tug ‘“Calacto,” S. W. Richards. Mar 
News (July 1937), vol. 24, no. 2, pp. 64-65. All welded steel tug 
built by Ira S. Bushey & Sons, Brooklyn, in 1936; length 77 ft 
beam 20 ft.; depth 11 ft.; propelled by Fairbanks-Morse 6-cy! 
400- ‘hp. Model 35-E-14 starboard marine Diesel engine operating 
at 275 rpm. 

Welded Steel Structures. Shall It be Welded? If So—How 
Designed? E. J. Charlton. Product Eng. (July 1937), vol. 8, no 
7, pp. 258-261 and (Aug.), no. 8, pp. 310-312. Some fundamentals 
that must be considered in selection of material and type of con- 
struction; some criteria for properly engineered welded structures 
— cut and formed parts discussed; some economic factors set 
orth. 
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WELDING SOCIETY ACTIVITIES 
AND RELATED EVENTS 


August 23, 1937 


To the Members of the 
American Welding Society 


ine of the most important accomplish 
of the Society this year is the new 
lding Symbols of the Nomenclature, 
ms and Symbols Committee. 
of us who are engineers and fabri- 
f welded equipment know the 
of a definite system of designating 
on drawings. It is probably safe 
iy that today not 20% of the drawings 
de clearly specify the size and type of 
ld to be made. Far too many drawings 
te “Weld.” There is as much 
ise for this procedure as noting on a 
| structure ‘Rivet’ with no further 
tion regarding the size of rivets, the 
r required or the spacing, or detail- 
g a casting without indicating the vari- 
netal sections. To expect the shop to 
the size and amount of welding to be 
is manifestly unfair to the shop. 
too little welding will be done and 
b fail, or too much welding will be 
ind the cost will be out of proportion 
welding operator or foreman is not a 
igning engineer. Generally he has not 
lightess conception of the stresses to 
ncountered in operation. To ask him 
cept the responsibility for design is 

tainly not good management. 
he June issue of the Journal carries a 
page description of these new sym- 
rhey are the result of many years 
perience of the leading industrial com- 
mies and the best welding brains in 
erica. On this committee were repre- 
itatives of the American Standards 
\ssociation, to which these symbols have 
recommended. It seems safe to pre- 
that the American Standards Associa- 

n will adopt them. 

qT more wide spread these symbols are 
‘opted, the sooner will much of the guess 
taken out of welding fabrication, 
sooner will responsibility for welded 
Strengths be placed squarely where 
‘ Delongs—-on the shoulders of the engi- 
neer. With their wide acceptance, pur- 
lasers will be protected, cost reduced and 
mpetition placed on an even basis. It 
much more than twice as much to 
fillet weld than a fillet weld. 
fi larger weld is required, the shop 
sould have that information. If the 
maller weld has sufficient strength, it is 
‘neconomical to make the larger one. I 
“n See no reason for a continuation of the 


ply sta 


wie } 


old haphazard method, except mental 
laziness and the lack of interest in proper 
construction. The future of welding de- 
mands that welding be safe and economi- 
cal. Copies of the welding symbols may 
be obtained for twenty-five cents a copy 
from the AMERICAN WELDING SOCIETY 
Headquarters, 33 West 39th St., New 
York City. 

In less than five weeks from the publica 
tion of the September Journal, our Annual 
Meeting will be held at Atlantic City. 
This year’s meeting promises to be the 
largest and best one in the Society's 
history. There is a splendid technical 
program arranged and the exposition will 
outdo those of previous years. Any one 
interested in welding can make no better 
investment than to attend the meeting 
It is not too soon to start talking to the 
boss about your making the trip. 

This week I am attending a meeting of 
the Management Committee in New 
York. On September 10th will be held a 
meeting of the Board of Directors and 
Executive Committee. These will proba- 
bly be my last Committee and Board 
Meetings as President of the Society. I 
have thoroughly enjoyed the associations, 
but I won’t go into that now; I'll tell you 
more about that in next month’s issue 

Don’t forget that new member! This 
is important if we are to grow and expand 
our activities. Can’t you get him signed 
up before October? 

Yours sincerely, 
A. E. Gibson, President 


National Safety Council 


Copies of the National Safety Council’s 
Kansas City Congress program (October 
11-15) may be obtained by members of 
our Society, who are interested in accident 
prevention. 

There are altogether 125 separate meet- 
ings, a very important safety exhibit, 
many demonstrations and other features. 

Any member of the A. W. S. will be 
cordially welcome and will be accorded 
all the privileges of the Congress 

Last year 111,000 people were killed by 
accidents—the cost was estimated to be 
$3,700,000,000. These losses can be cut 
down by acquaintance with the tried and 
tested safety procedures which will be 
discussed at this Congress. 


Larger Hard-Facing Booklet 


A new and more complete edition of 
the booklet, ‘‘Hard-Facing with Haynes 
Stellite Products,”’ is now being issued by 
Haynes Stellite Company, Kokomo, In 
diana, a unit of Union Carbide and Car 
bon Corporation This booklet describes 
well over 500 money-saving applications 
of the hard-facing process 

This new edition is the fourth printing 
since the booklet was originally published 
a little more than three years ago. Over 
35,000 copies have already been dis- 
tributed. New sections present informa- 
tion concerning special Haynes Stellite 
J-Metal cutting tools and the corrosion 
resistant Hastelloy alloys. A number of 
examples of hard-facing automotive and 
aircraft valves and valve seat inserts, 
and the use of Haynes Stellite trim for 
high-temperature, high-pressure steam 
valves, are now also described in detail 

Copies are available without obliga 
tion from Haynes Stellite Company, 
Kokomo, Indiana. 


Introduction to Ferromagnetism 

Book by Francis Bitter, Associate Pro 
fessor of the Physics of Metals at the 
Massachusetts Institute of Technology 
Defines as clearly as possible the problems 
whose solution may be expected to reveal 
the fundamental processes which consti- 
tute ferromagnetism, paves the way for 
a consideration of the subject from the 
point of view of solid solutions (impure 
materials) rather than perfectly homo 
geneous pure substances, and serves as 
an introduction and guide to the enormous 
literature on the experimental side of the 
subject. Published by McGraw-Hill 
Book Company. Price $4.00—314 
pages. 


Society Emblem 


The AMERICAN WELDING Society has 
issued an attractive emblem which is 
available in the form of a pin. The 
following prices will prevail: 
Gold-Plated emblem—screw back at- 
tachment—-50¢ 
Gold-Plated emblem—-safety lock catch 
attachment—-55¢ 

8K Gold Emblem—screw back attach- 
ment— $2.50 

8K Gold Emblem—safety lock catch 
attachment-——$2.55 
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July Welding Journal 


Members of the Society who can spare 
their July issue are requested to send these 
to the Secretary of the Society. A refund 
of 50¢ will be made for each copy received. 

The supply of this issue has been ex- 
hausted and it is necessary to secure some 
additional copies. 


Steel Convention 


Over 5000 steel mill engineers and 
executives are expected to attend the 
Thirty-third Annual Convention and 
Iron and Steel Exposition, which will be 
held in the Stevens Hotel, Chicago, IIli- 
nois, September 28th, 29th, 30th and 
October Ist. This annual meeting of 
the Association of Iron and Steel Engi- 
neers is expected to be one of the largest 
in the Society’s history, in view of the 
prominent position the steel industry 
maintains in the Chicago area. Approxi- 
mately twenty-five papers dealing with 
actual operating problems in the industry 
will be presented by technical authorities. 
Along with the technical program, one 
hundred and fifty manufacturers of 
steel mill equipment will display their 
various products in the Iron and Steel 
Exposition. Many of these exhibits will 
be in actual operation. Two of the out- 
standing features of this meeting will be 
inspection trips to the Gary Sheet and 
Tin Division of the Carnegie-Illinois Steel 
Corporation, and the Indiana Harbor 
Works of the Inland Steel Company. 


Pipe Lines 


Latest information on the construction 
of pipe lines by electric welding for 
transportation of oil, gas and water is 
contained in a new bulletin just published 
by The Lincoln Electric Company, 
Cleveland, Ohio. 


Foundrymen's Convention 


The Board of Directors of the Ameri- 
can Foundrymen’s Association, meeting 
in Chicago, July 20th, accepted the in- 
vitation of the Northeastern Ohio Chap- 
ter and the city of Cleveland to hold its 
next convention and exhibition in Cleve- 
land, May 14, 16, 17, 18 and 19, 1938. 
The last previous convention and ex- 
hibition of the American Foundrymen’s 
Association held in Cleveland was in 
1930. 

The exhibition which will occupy the 
splendid facilities of the public auditor- 
ium and Lakeside exhibition hall will be 
set up and opened for the benefit of local 
and neighboring foundrymen on Satur- 
day, May 14th. The technical sessions 
held in the spacious meeting rooms of 
the public auditorium group of buildings 
will start Monday morning and con- 
clude with the closing of the exhibition 
Thursday, May 19th. 

The central location of the convention 
city, the prominence of Cleveland as a 
castings center, with 118 foundries, 
making a wide diversity of all classes of 
castings, provides unusual facilities for 
plant visitation. The region of the lower 
great lakes is the metal working center 
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of the United States and Cleveland is the 
focal point of production and use of 
castings. 


Flame Hardening 

A paper on Flame Hardening is being 
scheduled by the American Society for 
Metals on Wednesday, October 20th, in 
the Afternoon. Insamuch as there are no 
definite technical sessions scheduled by the 
Society on that afternoon, this will pro- 
vide an opportunity for those interested 
in the paper to attend this session which 
will be held at the Convention Hall. 


Qualification of Welders 


A round table discussion by experts in- 
terested in the various phases of qualifi- 
cation of welders is being planned during 
the Atlantic City Convention. Those in- 
terested in this subject should indicate 
their desire to receive an invitation to this 
conference. Inquiries should be addressed 
to the Secretary of the Society. 


For Football Fans 


Knowing a number of members attend- 
ing the Atlantic City Convention will hate 
to miss their regular Saturday games the 
following list of convenient games to 
Atlantic City may enable them to catch a 
good game enroute to and from the Con- 
vention. 


Sat. Oct. 16th—Columbia vs. Pennsylva- 
nia. 2 P.M., Baker Field, 
New York City. 
N. Y. U. vs. St. Johns 
College. Ohio Field, New 
York City. 
Navy vs. Harvard. Sta- 
dium, Baltimore, Md. 

Fri. Oct. 22nd—Carnegie Tech vs. Tem- 
ple. 8:30P.M. Temple 
Stadium, Phila. 

Sat. Oct.'23rd—Princeton vs. Rutgers. 
Princeton, N. J. 
Pennsylvania vs. George- 
town. Franklin Field, 
Philadelphia. 
Maryland vs. Syracuse 
Baltimore, Md. 


Lincoln Gold Medal 


The Lincoln Gold Metal, offered by 
Mr. J. F. Lincoln, president of The Lin- 
coln Electric Company, Cleveland, Ohio, 
as a stimulus to the preparation of worth 
while contributions to the art of welding, 
is pictured in the accompanying illustra- 
tion. The metal is 2!/, inches in diameter 
and is to be of solid gold. One side of the 
metal will bear the wording, ‘Lincoln 
Gold Metal Award—AMErRICAN WELDING 
Soctety.”’ This inscription will surround 
a central figure symbolic of electric weld- 
ing. The figure will be of an arc welding 
operator with the are in operation. The 
wording on the reverse side of the medal 
will be in relief. Also, lettered in relief 
on the reverse side will be the name of the 
individual winning the award, together 
with the date of presentation. 

There are no restrictions as to subject 
matter of papers eligible to compete for 
the award. The paper may be on the 


J eptember 


within the scope of the AMerican Wetp 
ING Society. The paper may be on 
read before any sectional meeting of th: 
Society or at the general fall meeting. |; 
must, however, be published in the Jour 
nal of the Society between November 13) 
and October 1937. The decision as to th: 
best paper will rest with a committee of thy 
Society selected by the President, Thi: 
committee consists of Col. G. F. Jenk 
Chairman, K. V. King and F. E. Rogers 
The medal will be presented during th 
annual convention of the Americas 
WELDING Socrety in October. 


Advantages of Steel Building 
elding 


Reprinted from Aug. 1, 1937 issue, Veu 
York Times 

One of the clauses in the new building 
code which met with considerable obje 
tion during the discussions on the code 
changes in the Board of Aldermen was 
that permitting welding instead of rivet- 
ing in steel construction. The new cod 
which was signed last week by Mayor La 
Guardia and will go into effect Jan. lst 
next, permits the use of welding under 
strict regulations. 

Gilbert D. Fish, structural engineer and 
a member of the committee on bridge 
welding of the AMERICAN WELDING So 
ciety, 33 West Thirty-ninth Stree! 
points out that in spite of the prolibition 
which has formerly prevailed against the 
use of welding in New York City, there s 
at the present time one large welded build- 
ing within the city limits. That 1s the 
recently completed addition to the Brook- 
lyn State Hospital, which cost appros” 
mately $1,000,000. 

As the building was erected under the 
supervision of the State Department of 
Public Works, headed by Colonel Fred 
erick Stuart Greene, it was not subjec 
points out Mr. Fish, to the city’s gt 
tions. The structure, which consists M 
two large wings, each 40 by 1/0 feet, * 
six stories in height but has been eure 
so that three extra stories may be ace 


when needed in the future About we 
tons of steel material were used ™ con 
struction and the building w4 welded 
throughout. One reason whiy that meth “ 
was adopted was that it would gg 


disturbing noises for the patients. * 
proct> 


Fish also states that the welding | 
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gused a saving of about sixty tons of 


ding is also being used for the two 
caissons for the Long Island tower of the 
Bronx-Whitestone Bridge, now under con- 
The caissons are huge steel 
isiderably over 100 feet high, 
which will be filled with concrete and sunk 
through the sand to bed rock. The cais- 
sons are constructed in sections. After 
the bottom section is floated to the site, 
the next section will be welded to it, and 
this process will be continued as sinking 
takes place until the entire caisson 1s 


struction 


hoxes, COT 


completed 
Sees Building Progress 


Permission to use welding, as author- 
ved in the new code,” states Mr. Fish, 
removes the last serious obstacle to the gen- 
eral use of welding in building construc- 
tion. Elsewhere throughout the United 
States and in all foreign countries the 
welding of buildings has been permitted 
ither by specific code provisions or by 
special authorization. 

As the new city code is the result of 
several years of hard work by many able 
architects, engineers and other specialists 
in the building field, it will doubtless serve 
as a model for other cities where codes 
have become antiquated. Hence, New 
York's approval of welded buildings may 
be considered the last word in the discus- 
sion of this new engineering technique, 
which began seventeen years ago. 

Welding takes the place of riveting. 
In a welded building, the various members 
f the steel framework are connected by 
fusing them together with high heat. 
rhis heat can be obtained from either the 
oxyacetylene torch or the electric arc, but 
in practically all construction work the 
welding is done electrically. 


Advantages Pointed Out 


From the standpoint of the public, the 
most interesting feature of welding for 
building construction is its noiselessness. 
Che rattle of the pneumatic riveter, which 
interrupts conversations and racks the 
nerves of those in the immediate vicinity 
is eliminated. 

_ From the standpoint of the engineer, 
the chief advantages of welding are that 
makes possible lighter, stiffer and more 
mpact jomts, and often effects a con- 
saan saving in the amount of steel re- 
quirec 

A welded joint can always be made as 
strong as the steel work if there is any 
*ason for so doing. In other words, 
with welding, full advantage can be taken 
1 the strength of steel. Stiffness is of 
special importance in tall buildings that 
require heavy wind bracing. A welded 
‘ower will sway less in a gale than will a 
‘veted tower. Welding is also preferred 
in the construction of buildings braced 
against earthquakes, 

There is a considerable saving in the 
amount of steel required when welding is 
se: Ployed, because the design of the steel 
be simplified. This saving 

a to 10 per cent of the total steel 
Pee ecg and may run as high as 25 per 


ed ‘or certain forms of trusses and plate 
rders, 


Work Often Simplified 

“Frequently, welding simplifies the 
work of the architect by eliminating pro- 
truding brackets and other unsightly ele- 
ments. Welding also simplifies the fab- 
rication of the steel, as there is very little 
puching of holes. This in itself saves 
money and also permits quicker delivery. 

“In repairs, alterations and rebuilding 
operations, where welding has been used, 
new steel can be installed without drilling 
holes in the old steel or making exact mea- 
surements. When the War Department 
decided to stiffen the head and upraised 
arm of the Statue of Liberty in order to 
decrease swaying in the wind, welding was 
employed. This simplified an otherwise 
very awkward job and eliminated the 
noise which would have been caused by 
riveters working inside the metal structure. 


Notable Welded Buildings 


Mr. Fish explains that at the present 
time there are more than 200 welded build- 
ings in the United States. Among them 
are nine buildings at Yale University, the 
sports building and library at Vassar Col- 
lege, the chemistry building at Trinity 
College, the Greenwich (Conn.) High 
School, the Kent School buildings at Kent, 
Conn.; the Nathan Hale School at Mount 
Vernon, N. Y.; the Edison Company’s 
fifteen-story office building in Boston, the 
nineteen-story office building of the Dallas 
Power and Light Company, Texas; an 
eleven-story laboratory building in East 
Pittsburgh, several factories in Bridgeport 
and the five-story factory of the Westing- 
house Electric and Manufacturing Com- 
pany at Sharon, Pa., erected in 1926, and 
which, says Mr. Fish, was the world’s first 
large welded building. 

Among the notable foreign structures 
which have utilized the welding system is 
the large addition recently completed for 
the Bank of England in London, in which 
about 4000 tons of steel were used. 

The Austin Company, engineers and 
builders of this city, announces that two 
welded buildings are now being con- 
structed by that firm, one in Meriden, 
Conn., for the International Silver Com- 
pany and the other at LaGrange, IIl., for 
the Electro Motive Corporation. 

“The rigid frame type employed in 
welding the Meriden building,’’ said J. K. 
Gannett, Vice-President of the Austin 
Company, ‘‘serves to demonstrate the 
trim appearance attained in factory build- 
ings under methods of construction which 
until now have been outside the law. 
Aisles up to fifty feet in width, entirely 
without obstruction from floor to roof, can 
be provided in plants of this type, from 
which all the objectionable shadows caused 
by trusses or other cross members are 
eliminated. Working conditions are thus 
greatly improved.” 


Structural Welding 
How Far Have We Gone in This Field? 


Editorial Reprinted from July 1937 issue, 
Railway Engineering and Maintenance 


Ten years have come and gone since 
fusion welding was first applied on a com- 


prehensive scale in the strengthening of a 
steel railway bridge, the Chicago Great 
Western crossing of the Missouri River at 
Leavenworth, Kan. What progress has 
been made in the extension of welding to 
railway structures during this decade? 


The work on the Leavenworth bridge 
was heralded as the dawn of a new era in 
steel bridge building and within a year 
the construction of an all-welded steel 
truss span for a spur track on the Boston 
& Maine at Chicopee Falls, Mass., was the 
object of widespread publicity on the part 
of the proponents of the new process 
However, this latter project proved of 
greatest value in demonstrating that there 
was much to learn about the application of 
welding to the construction of steel bridges 
before it could supplant riveting in the 
fabrication and erection of new bridges, 
and only a few welded railway bridges 
have since been constructed. 


The reasons are not hard to find. Rail- 
way bridge engineers are conservative; 
they realize that the enviable record for 
freedom from bridge disasters represents 
the result of years of development, that 
embraces everything from a _ superior 
knowledge of the mathematics of bridge 
design to better trained and more effec- 
tively organized maintenance forces. 
They know also that design practice today 
is better than it was in the past, not only 
because of a better knowledge of thg 
theory of structures and the properties of 
materials but also because it is based on 
accumulated field experience with the be- 
havior of riveted joints in all manner of 
details and under a great variety of condi- 
tions. Such a knowledge, they contend, 
cannot be reproduced overnight regarding 
an entirely new method of connecting 
steel plates and shapes. 


In the meantime, however, railway 
bridge engineers and their field forces have 
applied fusion welding on an extended 
scale to the repair and strengthening of 
old bridges, the results of this work have 
been carefully studied, and practices re- 
vised as faulty results indicated the need 
for changes. Furthermore, railway engi- 
neers have cooperated with others who 
are vitally interested in this process in en- 
deavoring to find the answers to some of 
the perplexing problems involved—for 
example, the question of locked-up stresses 
resulting from the heating of the base 
metal, and the strength of welds—espe- 
cially the fatigue strength to resist stress 
reversals. In carrying on this work they 
participated in the drafting of the first 
comprehensive specifications of structural 
welding, and under the auspices of the 
American Railway Engineering Associa- 
tion they have drafted a set of specific 
recommendations covering work in this 
field. This treatise should prove of such 
value both in the office and the field that 
it is presented in abstract elsewhere in 
this issue. 


Thus it is seen that, while progress has 
been slow, it has been conducted in an 
orderly fashion that has been fruitful of 
results which should lead to a steady in- 
crease in the application of the fusion 
welding process in railway bridges 
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LINCOLN FOUNDATION 
By A. F. DAVIS 


Can you imagine that a manufacture, 
constructor or any one who utilizes steel 
construction would continue in their pres- 
ent way or methods, if they really and 
truly believed they could save from 10 to 
50% of their cost by using arc-welded con- 
struction? They just couldn’t go on with 
their present method. They would find 
ways to overcome the fact that their engi- 
neer did not know how to design for arc 
welding, that their salesmen did not like 
the appearance, and the hundreds of argu- 
ments and excuses that are put forward 
for not using are-welded construction. 

Now, if the general manager of a com- 
pany would really make a study of the way 
his machine products are designed, go 
through it from A to Z, find out for him- 
self the facts about arc welding, wouldn't 
he believe it? I think he would. If an 
engineer with a manufacturing or construc- 
tion company should make a thorough 
study of the design of the machines or of 
the construction which they are using and 
apply are welding or arc-welded steel to its 
construction and then present these facts 
to its management, don’t you believe that 
the management would believe what he 
says? I think they would. This would 
mean, therefore, that they would adopt 
arc welding and arc-welded construction 
as rapidly as possible. 

The object of the Foundation’s work is 
to do just this. To get the men at the 
head of companies to make a study of their 
products or methods of construction and 
find out the facts for themselves or to ap- 
point one or more people in their organiza- 
tion to make a study of arc welding as ap- 
plied to their own construction. Get this 
in the form of a report and submit it to 
the Foundation asa paper. Or to get some, 
engineer or designer, production man, etc. 
on his own initiative, to make a study of 
the machinery or constructions which his 
company uses. Prepare it in the form of 
a report and submit it as a paper. We 
believe that the management will believe 
reports prepared in this way and if they 
do they must go to arc-welded construction. 


Obituary 


Major R. A. 
The AMERICAN WELDING SOCIETY 
learned with great regret of the sudden 


t Secretary, The James F. Lincoln Arc Welding 
Foundation. 


MARTON P. KORN 
CONSULTING WELDING ENGINEER 


THE WELDING JOURNAL 


and unexpected death of Major R. A. Bull 
who passed away on July 9, 1937. 

Many of the members of the Society will 
recall that Mr. Bull has been instrumental 
in bringing the foundry and the welding 
industry together. Time and again, he 
urged each industry to appreciate the 
value and benefits of the other. Largely 
through his efforts the promotional work 
of the Society has been along the lines of 
the use of welding to supplement and aid 
castings. .In other words, Mr. Bull rec- 
ommended that castings be used in con- 
junction with welding where each was 
economical. 


SECTION ACTIVITIES 


CLEVELAND 


Chairman E. R. Benedict of the Cleve- 
land Section has been appointed as repre- 
sentative of this Section on the National 
Board of Directors. 


NORTHWEST 


Formal Organization meeting of the 
Northwest Section was held at the Minne- 
sota Union, University of Minnesota, 
Wednesday, July 28, 1937 at 6:30 P.M. 
The Chairman advised those present that 
the application to authorize the organiza- 
tion of the Northwest Section had been 
approved by the AMERICAN WELDING 
Society. Nominees for officers and mem- 
bers of the Executive Committee as recom- 
mended by the Nominating Committee 
were duly elected to serve until the first 
annual meeting in May 1938. The names 
and connections of the nominees so elected 
are as follows: 

Chairman: Harry J. Kicherer, Ameri- 
can Hoist & Derrick Co., St. Paul. 

Vice-Chairman: C. M. Akins, Mar- 
quette Manufacturing Co., Minneapolis. 

Secretary-Treasurer: Alexis Caswell, 
Manufacturers’ Association of Minne- 
apolis, Inc. 

Executive Committee: J. H. Barron, 
Brown Sheet Iron & Steel Co., St. Paul; 
C. E. Comfort, St. Paul Structural Steel 
Co., St. Paul; G. W. Irwin, Air Reduction 
Sales Co., Minneapolis; Fred Klass, 
General Electric Co., Minneapolis; H. A. 
Lindeke, Nicols, Dean & Gregg, St. Paul; 


September 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 

A-240. Graduate Metallurgical Eng. 
neer 52, with 10 years’ practical] and theo 
retical experience in metallurgy, 
practice in the manufacturing and testing 
of welding wire, also with experience 2 
surfacing and flame hardening, now em. 
ployed by big steel concern wants to sti 
contact with welding wire manufactures 
interested in the development of a nove 
welding wire product. 


4 Years 


William E. Murphy, Northern State 
Power Co., Minneapolis; John Nelson 
Butler Manufacturing Co., Minneapolis 
R. H. Newton, Lincoln Electric Co., Min 
neapolis; R. W. Robinson, American 
Bridge Co., Minneapolis; V. L. Sag 
Commercial Gas Co., Minneapolis: 6. y 
Watson, Flour City Oxwelding (Co 
Minneapolis; J. E. Williams, Linde Air 
Products Co., Minneapolis. 

Representative on National Board of 
Directors—Harry J. Kicherer 

Mr. L. A. Dills, Senior Engineer, State 
of Minnesota Department of Highways 
gave a most interesting presentation d 
‘Welders’ Qualifications.” 


SAN FRANCISCO 


The San Francisco Section held the 
first meeting of the year 1937-1938 at the 
Engineers’ Club on August 20th. Mem: 
bership plans were announced. This See- 
tion also plans to give a prize for the best 
paper written by students of the various 
universities within a certain district to be 
decided upon by a committee of the See 
tion. 

Mr. K. V. King presented a brief re 
view of the various articles published in 
recent issues of the Journal. 

Mr. L. W. Delhi, General Manager af 
the Western Pipe and Steel Company o 
San Francisco, addressed the audience 
on “Organization Work in Connection 
with Fabrication of Large Welded Pipe 
Line Contract.” 


UNCOATED HARD SURFACING RODS 


Electric arc or oxy-acetylene welding 
DURAWELD NO. 1—for gear teeth, cam races, valve seats, etc., needing filing and 


machining after application. 


DURAWELD NO. 2—for road and grading machines, bulldozer shoes, rail joints and 
rod. Stays hard under heat. 


DURAWELD NO. 3 or 4—for lathe center plugs and tipping concrete and stone drills. 
When ground, rods will drill through spring steel. 


Bushings or similar hard wearing parts can be cast to order. 


DURAWELD flows like bronze; binds with any ferrous metal, fuses at low temperature; 
SAVES 10% to 15% IN GAS, TIME AND LABOR. 


other excessive wearing parts. A self 


Send for samples and details 
Distributors wanted. 


Reorders assured. 


Ellicott Square Buffalo, N. Y. DURAWELD METAL PRODUCTS CORP. 
41-08 24th Street, Long Island City 
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